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FOREWORD 


The scientific revolution, viewed by Bernal some twenty-five years 
ago as a twentieth century parallel to the industrial revolution, has 
since the war assumed proportions unprecedented in human liistory. 
The rate of change and magnitude of its effects are altering the daily life 
and attitudes of most of mankind. In turn, the social changes brought 
about, and other effects such as population pressure, influence the 
workings of science. For one thing, they affect scientific goals and for 
another, they modify the ways in which scientific information is spread 
and the political institutions through which it is exploited. As far as 
biology, and more specifically genetics, is concerned, there has been 
OTthin the last few decades such progress, such growing power over 
nature, as to warrant a determined effort by all who have an interest 
in the future pattern of society to consider where this technical progress 
is taking us. The startling achievements of the physical and chemical 
sciences should not be allowed to obscure the fact that biology also 
brings its gifts which if properly used can improve the lot of man. Given 
the prospect of directed control by man over the evolution of his oivn 
species and of his agricultural crops and plants, it is surely wise to 
consider who is exercising this power. 

Agriculture, in common with other industries, is oxporienemg an 
intensification wlu'oh shows itself in the rising output of a worker and 
the falling number of individual enterprises. It is also to bo soon in the 
trend towards integration. Livestock production is not immune to those 
changes and its positive response to the economic advantages of largo 
businesses has created a need for a new and vigorous toclmologj'. While 
the structure of animal production is being modified, its genetic effic- 
iency is a matter of deep concern and, at least in some circumstances, a 
factor of sufficient importance to alter the outcome of the process. It is 
our hope that this book will help to onsmo that the urgent need for more 
animal protein will bo communicated to those who are influential to any 
degree in increasing the speed at wjiich new and better livestock can be 
developed. To this end a sm-voy of the issues faced in the organisation 
and carrying out of animal improvement by state as well as by ])rivnfo 
and quasi-private agencies is opportmio, for surprisingly enough this 
task has not hitherto been imdertakon. Despite the abimdanco of 
publications on animal production, there is a markerl lack of discussion 
abotit the intcrj'lay between the teelmologj' and the economics of breed- 
ing. Although the repercussions of such dovelojiments as artificial 
insemination and performance testing on the stnicture of ngricultuml 
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industries have been common knonlcdgo for many years, recent text- 
books on animal production and breeding have little or no mention of 
them. Students, to the extent that they liavo to depend on literature, 
caimot readily consider u liat may bo Jcanie<l from the poultry industry 
that is valid lor larger animalH, nor, indeed, arc they given a hint that 
the logic of performance testing, to say nothing of the pressure on food 
supplies, may require modifications in the current sv-stems of breeding 
improved livestock. 

There are several restraints circiunscribing both the intent and the 
execution of this volume uhich arc due to the limitations of our training 
and experience. Economics, political theorj', sociology, and psychology 
are all woven into the fabric of the issues to be examined. Since uc 
cannot claim even amateur status in anj'^ of these disciplines, there have 
to bo gaps in our treatment of the subject. Hence the work mast be 
view ed as a contribution by geneticists to a topic of broader significance 
bhan genetics or animal breeding can alone encompass. It is presented in 
the helief that similar approaches by social scientists w ill contribute to a 
fuller analysis and so to bettor prediction of the consequences of different 
policies and perhaps to identifying tho best courses to follow, should 
“best” prove to be capable of an acceptable definition. Just as tho ad- 
vances in human biologj' create social and moral problems exceeding 
the competence of specialists in biologj', so do tho i^vanccs in tho pro- 
duction of livestock pose problems in politics, cconomic.s and sociologj’ 
that cannot be solved by research workers acting independently. 

It is, therefore, open to doubt wliether population genetics ns 
currently taught is as effective for guiding the practice of animal 
breeding as it could be. Among modern economists there is a similar 
dissatisfaction wdth classical economics which is revealing itself os an 
attempt to develop a science of political economics. Classical genetics 
and classical economics both have a model form that is logical and 
beautiful but often takes no account of the realities of organised 
capitalism or socialism. Both are concerned with making predictions 
yet make them badly because of inadequate theory and information. 
Starting from the desired ends, political economics considers what 
policies and what instruments of policy would secure them. It is the 


science of a participant rather than that of an observer. In genetics a 
corresponding development w'ould have tho purpose and ambition to 
apply itself to the attainment of the goals of animal breeding. Like any 
other discipline, it would seek to establish a code of principles from 
which would flow a logically unified body of knowledge: by critical 
and relevant research, it would provide the theory and stimulate the 
practice of co-ordinating the necessary political and administrative 
actioas with the biological facts 
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In surveying the opportunities and problems of livestock genetics, 
our aim has been to integrate, not to present new data. Controversial 
topics have not been avoided but treated openly so that the discussions 
may serve as starting points for constructive thinking. Since we have no 
revelations to offer, and only limited truths to go by, a trial and error 
process of examining issues is the only way to approach a fuller imder- 
standing. Although om* familiarity with them is largely based on ex- 
perience in the United Kingdom and the United States, we have often 
supplemented it vdith reports from other countries. 

Only a most inadequate acknowledgment of the multitude of research 
workers on whom we have relied can be made. With some reluctance, a 
policy of referring mainly to recently published papers has been followed 
in order to direct readers to fuller sources of information should they 
want them. We would have enjoyed developing each topic as it came, 
savouring each report and watching the unfolding of man-controlled 
evolution, but it has not been possible to turn over half a library in the 
making of this book. Like many others before us, we have not found a 
concise way of communicating the necessary technicalities of genetics 
and animal breeding to readers imfamiliar with these fields. If, however, 
they are prepared to take some parts on trust, they will find that the rest 
will offer no difficulty. In a treatise that covers the interactions of the 
science and practice of animal production, there arc boimd to be errors 
of fact and of judgment, hut we hope they will not be so serious as to 
vitiate our purpose. In brief, it is to examine some of the problems raised 
by the recent developments in science in the light of our belief that 
animal breeding has a significant role to play in the welfare of mankind. 
The primary question to he explored is liow this role could be most 
adequately fulfilled in the best interests of society as a whole. Animal 
breeding docs not exist for the sake of supporting breeders, geneticist 
breed societies, recording or supervising organisations, but all of them 
serve society through animal breeding. 

Wo Avish to express oitr appreciation to the Agricultural Research 
Coimcil for travel grants and contributions towards subsistence, and to 
the staff of the Natural History jVhiseum, London, for their hospitality 
during preliminary' work on the manuscript. 

Jamtartj 1966 

I. M. Lkuneu 

H. r. Don'aiu) 
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Part I; The Objectives of Animal Breeding 



CHAPTER 1 


ANIMAL BREEDING IN ITS SOCIAL CONTEXT 


I. World Food Needs 4 

II. Shortening the Food Chain 0 

III. Genetics and Breeding 9 

IV. Social Implications 12 

V. Decision Making 14 


Forecasts of the rate of expansion of the human population of the world 
are generally familiar. Stimulating and thorough discussions of popula- 
tion pressure and food supply may he found in many sources. In particu- 
lar, the report of the Stanford Research Institute (1959), the symposium 
of the Royal Statistical Society (1063) and the volume edited by Mudd 
(1964) on which much of the material in tliis chapter is based, may bo 
recommended. 


TABLE 1.1 

Past and future estimates of icorld population (from Stanford Research 
Institute, 1959, and Mudd, 1964) 


Year 

Population in millions 

1000 

275 

1100 

306 

1200 

348 

1300 

384 

1400 

373 

1500 

446 

1600 

486 

1660 

545 

1750 

604 

1800 

906 

1850 

1171 

1900 

1550 

1923 

1007 

1950 

2197 

1075 

3828 

2000 

6267 
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MODERN DEVELOPMENTS IN ANIMAL BREEDING 

Table 1.1 provides dramatic evidence of the acceleration of population 
growth rate in this century. Even if drastic measures to control the 
pressure of the expected numbers were soon adopted, it is too late to 
acliiove much reduction in the projected figure for the year 2000. 
Urban alienation of land now used for food growing makes matters 
worse, and it is difficult to escape the conclusion of Slater (1963), that 
by the end of our century “the farmers of the world will be faced with 
producing on three-quarters of an acre of cultivated land and on one 
acre of permanent grassland what they now produce on an acre of 
cultivated land and two acres of permanent grassland.” No one can 
foresee now whether an increase of one-third of the current production 
on cidtivated acreage and a doubling of that on grassland will he 
attained in thirty-five years, or whether other developments, such as 
the production of acceptable synthetic foods, will reduce the menace of 
starvation. Meantime, finding ways and means of increasing the world’s 
food supply, and oven more important, the efficiency of food production, 
presents one of the most challenging problems mankind has yet faced. 
It is, perhaps, unseemly for those who are well-fed to object that 
appetites grow by what they feed on, and that there is, therefore, no 
hope of cat clung up on the shortage of food. Although there may bo room 
for argument concerning the definition of a shortage, there will surely 
bo a greater shortage than there is now unless food production is raised 
to match the increasing number of mouths. Some authorities fear a 
losing battle against want but dissenting voices should also bo noted. 
Thu-s, Clark (in Wolstenholmc, 1963) estimates that 46,000 million 
people could ho readily supported on earth, and, if survival only at the 
minimiim caloric level is desired, ten times as many. Similarly, Mayer 
(1064) tliinks that arable farming could be so extended and fertilisers 
BO much more liberally applied that tlio problem might turn into the 
disposal of surpluses. It is assumed that technological advances such as 
clioraical synthesis of food, taking salt out of sea water, and heating 
lakes by atomic energy to encourage cloud formation will ensure food 
for cvciyono. Furthermore, since space research must include the nutri- 
tion of astronauts there is the possibility of a scientific fall-out to 
benefit man on earth. But oven if these minority viens are accepted, 
the problem of sigmficantly and speedily augmenting current food 
supplies remains. Tlio times demand a strategy for the war against want 
on the agricultiwal front. 

I. World Food Needs 

It ha., Iwcn ratimat^ that about teo-tlurds of tho present population 
m the uorid suffer from malnutriUon. To correct this deficiency and to 
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provide adequate food for the expected increase in numbers of people 
calls for a steady annual increase of 2*26% in the total food production 
in the world. In recent years the average increase has been estimated at 
not more than 1%. Although some areas have exceeded this rate 
(North America produces about 120% of its caloric requirement), 
others, such as parts of Asia (with the Far East producing less than 
90% of its needs) actually show a decrease in food production per head 
when 1957-58 is compared with 1937-38. 


table 1.2 

World proleiu conaiimpiion. 


Eegion 

Total protein 
consumption 
g/caput per day 

% of protein 
of animal 
origin 

% of total diet 
of animal origin 
(millc, meat, 
eggs, fish) 

Ear East 

5G 

14 

5 

Near East 

76 

18 

D 

Aiiica 

61 

18 

11 

Latin America 

67 

37 

17 

Eviropo 

83 

41 

21 

North America 

93 

71 

40 

Oceania 

94 

68 

? 

World 

68 

29 

? 


The problem is acute in respect of protein, and particularly animal 
protein. As Table 1.2 shows, regions of the world vary considerably in 
the proportion of protein in the total diet and of protein supplied by 
animals. North America enjoys a proportion of animal protein in the 
average diet eight times liighcr than that of a Far Eastern diet, wliilo 
Europeans exist on half the North American amoimts. 

If the quantities of animal products in food are too small, protein 
malnutrition results. It has been shoAni that the mortality rates of 
children tend to rise when their protein consumption, as estimated in 
the last column of Table 1.2 goes down. Tlicre are, of course, many 
reasons other than protein deficiency for high infant mortality. Deaths 
from tliis ca\iso for cliildren between 1 and 4 years of age, occur more 
frequently tlum do carlior deatlis partly because of the traiLsition from 
breast feeding to adult dicta. It is, therefore, perturbing to find that the 
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ratio of death rates in South India to those of England and Wales is 
SIX for the age group of 0-1 years, but nses to over 25 for the ago group 

°*^Thafthe problem of food shortage is not only one of distribution but 
also of production is clearly demonstrated by Table 1 3 The so called 
food surpluses m Europe. North America and Australasia shnnh into 
insigmacauce when mewed m the context of the world deecits of food 


TABLE 13 


Estimaied vorldfood dejiat (from Aylward m Ovington, 1903) 


Type of food 

Deficit 

m millions 
of metric tons 

as % of XT S 
agricultural 
production 

Animal protem as non fat milk solids 

1 8 

35 

Pulse protom os dry beans and peas 

04 

40 

Other protom as wheat 

85 C 

]-120 

Bemammg calono do&cit as wheat 

8C 


II Shortening the Food Cham 

There are many means, some obvioris and some obscure, by which the 
amount and the efficiency of food production could be increased ilore 
than a quarter of a century ago Kunkel (1938), among others, pointed 
out the extreme inefficiency of producing food through a lengthy cham, 
that 13, the senes of steps m the transformation of matenals by hving 
orgamsms which are nccessarj to convert energy and nutnents into 
edible forms If the 1 milhon calones per j ear that a man reqmres could 
bo obtained directly from mineral and sjTithetic sources, there would be 
no food cham Should humans need in addition a source of protem 
which the^ could get directly from plants, there would be one or more 
links to the chain Ammals interpose links which considerably lengthen 
the food chain m man\ instances Kunkel, who conservatively assumes 
that efficiency of conversion at each link is about 20% (and 10% may 
bo a closer figure for animals), calculates that an Eskimo must consume 
5 lb of seal to gam a pound in weight, each pound of seal bemg derived 
from 5 lb of fi«h each pound of fish from 5 lb of shnmp or other inverte 
brates, each of wluch m turn is produced by 5 lb of algae In short, it 
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takes 625 lb of algae to make one pound of Eskimo, with a loss of at 
least 99*84% of the originally available energy. 

It seems that one of the readiest ways of increasing efficiency of food 
production is to shorten the food chain by placing greater reliance on 
plant products supplemented by synthetic additives to correct for 
deficiencies of amino acids and other nutritional essentials. 

Indeed, the prospects of increasing food supplies from plants are in 
many ways brighter than those from domesticated animals. For 
instance, the efficiency in terms of man-hom*s required to produce a 
given amount of beef has increased by 13% between 1948 and 1960 
(Byerly, 1962). ililk has done better with an increase of 42% and poul- 
try better still, with 117%, Both, however, are inferior to feed grains 
wliich have shown an increase of 168% attained through improvements 
in varieties, crop husbandry and agricultural machinery. 

Plants jdeld more calories per acre than do animals. Figure 1.1 from 
IMangelsdorf (1961) shows this in a striking fashion. Plant products are 
more easily transported, require less labour and are consequently 
cheaper. Against these formidable advantages, however, can bo placed 
a tendency to bo bulky, less digestible, and deficient in certain amino 


Millions of calories per ocre of land 
012545678 
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MODERN DEVELOPMENTS IN ANIStAL BREEDING 

According to some -writers, the increasing -world demand for food -will 
lead to such an expansion and perfecting of industrial methods of 
protein production, that they -will quantitatively overshado-w tradi- 
tional farming. Whilst it might he rash to deny this possibility, there 
seems to be no reason for expecting any sudden responsiveness to 
existing needs that -wonld make animal production superfluous. As yet 
margarine has not ^splaced butter, nor synthetic fibres, -wool. Such has 
been the recent increase in production on each acre of land in Europe 
and North America that the power of livestock to compete with chemical 
industry may in fact have the effect of postponing the development of 
substitute methods. This -would be regrettable if it meant less progress 
towards enough protein for alL 

While, therefore, on a pessimistic view, the future may lie -with the 
vegetarians, there is good reason now for the omnivorous to fight a 
strenuous roar-guard action by improving the production of animal 
protein from fish and livestock. Furthermore, the maximum output of 
protein and calorics may bo achieved by mixing animal and crop 
husbandry. To some extent this follows from the advantages of using 
grass in rotations, and to some extent from the use by animals of sur- 
pluses or of by-products such as wheat bran, sugar-beet tops, fish meal, 
and poultry offal, as well as from mamwing of the ground. Livestock 
are likely to remain important especially in areas unsuitable for crop- 
pii^, at least -until research has devised ways of making them suitable, 
lleantimo research helps livestock production in these areas through 
discoveries about grazing management, plant species, and nutrition. 
Urea, for instance, has been found valuable as a substitute for part of 
the protein needs of grazing animals -wheTe protein supplements -would 
be expensive. Research may show how to adapt rumen flora to cope 
with larger quantities of urea and raise further the nutritive value of 
rough pastures. 

There are social aspects to land use which may require the mainten- 
ance of traditional methods, inefficient as they may eventually become 
in comparison with chemical processes of food production. Soil fertility 
/ must be conserved to ensure an acceptable environment for man and he 
may find it a long and painful process to adjust himself to the -vicarious 
new world of sjmthetics. It may appear imperative to the next genera- 
tion, if not to this one, to protect the countryside from pollution and the 
by-products of industry, from depopulation, from erosion and misuse 
(Udall, 19C3). Ecological stability in some areas may bo best achieved 
by fannmg metho^ involving grazing animals, and tWs stability may 
Wo to be mamtamed by a tax on urban activities. Involved in this is 
the -widespread social problem posed by the declining status and income 
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of the small fanner unable to raise the output and efficiency of his fann- 
ing (Hoogsohagen, 1958; Organisation for Economic Cooperation and 
Development, 1964). 

The post-war expansion in science and technology is raising the 
general standard of living in which those who reside in the country wish 
to share. Rural industry, like urban industry, is moving towards the 
use of more capital, less labour, and higher outputs. Within the context 
of small family farms, these changes are difficult to accomplish but there 
are a number of adjustments facilitating them (Ahlgren, 1962). Farmers 
may increase the size of their farms or, alternatively, seek part-time 
work elsewhere. They may embark on contract farming so that risk 
capital can be provided by larger enterprises. They may place increased 
reliance on purchasing and marketing co-operatives. By some means 
augmented productivity and higher real income must be achieved for 
the diminishing country populations. Tins is not primarily a genetic 
problem hut there is a genetic element in it. Even if the bulk of research 
effort is devoted to the development of industrial food production or of 
stock especially adapted to intensive enterprises, traditional kinds of 
livestock on the farm could also be subjected to improvement as a 
matter of national agricultural policy. 

111. Genetics and Breeding 

In the course of a long history, animal breeding has experienced many 
changes in its theories and its practices. But until recently it has never 
been obliged to adapt itself precipitately to new conditions. All at once, 
however, events seem to conspire to destroy the old order. Genetics is 
becoming indispensable in livestock breeding. Economic pressures to 
intensify agricultural production, rising standards of living in the 
coimtrj'' as well as in the towns, and teclinical aids such as artificial 
insemination, computers and reproduction of data liave combined with 
the maturing of the science of heredity to put the system of pedigree 
breeding under severe strain. This ^stom has been an integral and 
essential part of the industry that produces milk and meat. CJoii- 
Boquently, everyone in a w’orld already short of animal protein has an 
interest in its future. At tlu.s junctmc in the affairs of coiuitries where 
some version of the pedigree system hashecn used, it might then he useful 
to consider liow well it fits in with the needs of modem animal produc- 
tion, and whether changes are desirable from the standpoint of general 
welfare. 

As farming enterprises grow' larger, their managements have to equip 
themselves with information and resort to teclmologists to help them 

1 * 
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reach decisions and plan for more distant goals. Industrial developments 
of this kind ividen the range of famung activities, smee tiio old style 
farmer, sensitive to local markets and operating on hunches, remains as 
a contrast to those for whom farming is rapidly becoming more of a 
programme than a way of life. There is now ma,iiifest a spectrum ol 
personal attitudes varying from frankly revolutionary to backward- 
looking. Many livestock breeders still do not know Mendel’s laws 
announced 100 years ago, so that in the struggle to feed the world[s 
growing population one of the main industries producing protein is 
found to be largely based in practice on breeding methods that owe 
little to modem genetics. 

In Western countries the completely remodelled poultry industry 
exists along with a sheep industry notablj’ reluctant to modernise 
itself. In many of them, including some with advanced industrial 
technologies, the administrative machinery of governments and agri- 
cultural organisations relative to animal breeding appears to be roughly 
coeval with sheep breeding methods- Yet all parts of all industries must 
tbiust and strive, or lapse into stagnation. To adapt tb© outmoded 
ways of thinking that aro enshrined in official attitudes and policies is 
therefore often as urgent a task as to improve the efficiency of livestock. 
Agriculture has long been regarded as conservative in its outlook and 
indeed in the less intensively farmed areas the adjective is probably 
justified. However, in the more intensively fanned areas, there have 
been many developments which stand comparison with those in the 
most progressive of other industries. 

Statistics and generics have no more destroyed animal breeding than 
chemistrj' has destroyed biology (Commoner, 19G1). They are powerful 
allies and should be treated as allies by animal breeders. If geneticists 
advise that a trait has negligible heritability, then it is a waste of time 
selecting for or against it until some way is found of increasing the avail- 
able genetic vanation. If statistics show that twenty offspring are needed 
for a meaningful progeny test, then it is no good pretending that two 
or three are enough. Without auns, however, genetics and statistics are 
futilities for they cannot generate them. They aro incomplete in them- 
selves and arc not an. industry. 

A reasonable sceptiasm regarding the assertions of scientists is 
proper. The operative word however is “reasonable”. Scepticism is 
often a cloak for ignorance and as such is unprofitable. A well-informed 
scepticism that reveals and advertises weaknesses in theory or in factual 
^pport can provoke further research that justifies or demolishes it. 
It IS too valuable a w eapon to lose by getting it confused with obscuran- 
tism, Ignorance or unwillingness to face facts. 



1. BBEE DING AND SOOiETY 


11 


Among scientists there are individuals of varied abilities, and diverse 
training. Not only are they far from equal in skill at expressing them- 
selves hut they differ in degree of self-criticism and in native intelligence. 
There is no need to assume that they are individually or colleotivoly 
always right or always wrong. But it is operationally wise to recogm’se 
when they are expressing well established and generally held scientific 
beliefs which are as close as one can get to real if limited truths. 

A geneticist can he as much a prisoner of his theories as a breeder. 
To slmig off conflict between the biologist and the practising farmer by 
saying that there is something to be said for both sides is not enough. 
Not one but many conflicts oeom and their best resolutions are not 
always compromises. Breeders are shaclded by tradition, by doubts 
about genetics, by financial worries, and by personal objectives. On their 
side, geneticists may err by oversimplifying, by relying on inadequate 
data, by their personal scientific ambitions, and by the fact that many 
of them carry no burden of financial or administrative responsibility. 
Bor the creative scientist, as for the creative breeder, reason is the 
handmaiden not the master. Both are artists and they should under- 
stand each other well. Every man in fact is in part an artist shaping Ins 
own life, moving and toucliing other lives. Since human affairs cannot 
always bo intelligible imless seen as a whole, it would probably bo bettor 
if genetic theories were more fully tested and o.xposod by a well- 
informed opposition. With such a paradoxical impossibility, it is in- 
cumbent upon geneticists to keep the edge of sclf-critioism sharp. As 
Brice (19G4) points out, there can bo no acceptable non-soiontiCo critics 
of science. The mystique of science is such that opinions about it are 
sought automatically from eminent scientists. The generals of science 
must find from their own ranlrs the strategists, administrators, historians 
and economists although their qualifications for maldng ex cathedra 
statements in these capacities are dubious. Their public image notwith- 
standing, scientists are not cold and objective men in wiiito coats 
proceeding with infallible scientific method and impersonal conclusions. 
With so much ambient rajihologj', there is a risk that when misplaced 
enthasiasms or erroneous claims made by individual scientists are dis- 
covered, they will bo attributed to science itself. 

An example from the past is easy to find. Not only did many of the 
early Jlendclians, in the excitement of the dawn of the now era in the 
study of hercdilj', insist on having the key to animal improvement, but 
it also took the next generation of geneticists, now working on the 
population level, some time to arrive at reasonably sober estimates of 
the power of their genotio tools (comp,arc, for instance, Lemer. IpriO, 
with Lemer, 1058). Tlio occa.sionnl yielding to the temptation that 
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scientists felt to meet adverse propaganda mth half trutlis and scepti 
cism -with unjustifiahlo assurance has undenmned the research worker s 
special claim to be heard Animal breeding is not the evclusn e presen-e 
of either pedigree breeders or of aeientists It is appropnato to recall in 
this context Oppenheimcr's (1963) gentle advocacy of a proper himiihty 
in scientists ‘ it would perhaps be good if in talking (to our 
friends in other walks of life) we could count on a greater recognition of 
the quahty of our certitudes where wo are deahng with scientific 
knowledge that really exists, and the correspondmg quahtj of hesitancy 
and doubt when we are assessmg the probable course of events, the way 
m ■which men will choose and act ” 


iV Social Implications 

The word revolution is not too strong for the consequences of artificial 
insemmation m dairy cattle breedmg or of big scale operations in the 
poultry industTj (mcludmg the technologist’s mode of thinking about 
breedmg), but it is batdly applicable to large animal production In 
spite of all the spectacular advances over the whole range of agn 
cultural problems, world productivity rises relatively slowly To inte 
grate and exploit an advance even a simple one within the enormous 
complexity of agnculturo takes time It could happen and probably 
does happen that technical progress on occasion outpaces human 
adaptabihty m some directions but to damp do'wn research, and 
development on this score may well lead to difficulties m re animating it 
when the need arises 


The results of applymg science to the breeding mdustry cannot be 
properly assessed in isolation from the other elements, such as educa 
tion, the availabihty of computers the changmg character of consump- 
tion and the economic policies of governments One instance is the 
expansion of scientific endeavour which has coincided ■with an increase 
in the size of mdi'vidual breedmg establishments in the post-war years 
Not onlj do these phenomena represent a trend characteristic of the 
tunes but more important they mteract with each other 


The growth of scientific mformation places a prenuum on the opera 
tional size of a breedmg enterprise since only the bigger establishments 
can obtain and apply much of it Reciprocally, the larger and the more 
integrated an economic umt deahng vnfh animal improvement is, the 
more it can contnbute to the pool of new knowledge 

Interaction of^ sort IS a nm^ersal phenomenon Modem biologists 
(exemplified by Dobzhansky, 1962) look upon human evolution as a 
continuing process mvolvmg much more than either biology or a history 
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of cultures. A mutual feedback between biological and social factors is 
what moulds the history of the human species. With reference to 
domestic animals, this is a particularly fitting concept, since they have 
always been regarded by man in an anthropomorphic way, as if sharing 
his attitudes and feelings. Glass distinctions, the prohibited degrees of 
relationship between mates, emigrations and immigrations occur both 
in man and the animals under liis control mth varying frequency or 
intensity depending on what has gone on before. The future of animal 
breeding, therefore, will not be the outcome of theorizing nor the result 
of wishful thinking but a response produced by the interaction of 
biological realities of livestock production with changing human culture. 
Neither the exact challenge nor the actual responses are predictable, 
but there is certainly no dearth of possibilities. 

In general, the social implications of science have attracted increasing 
attention since Bernal (1939) as a natural scientist emphasised them a 
quarter of a centiiry ago (see Goldsmith and Mackay, 1964). Although 
much has happened to bring nearer his vision of a “socialized integrated 
scientific world organisation”, there are obviously many economists as 
well as humanists who deplore such a future. But whatever view may be 
taken of socialism on the one hand, or the gaps between the two (or 
more) cultures on the other, there is agreement that the scientific method 
should be used to limit and preferably eliminate such a palpable evil as 
starvation, and to improve man’s lot on earth. Bernal himself con- 
sidered that no culture could stand apart from the dominating practical 
ideas of an age without becoming pedantic and futile. He was not 
considering any specific patterns of behaviour, let alone that wliich 
governs activities in the field of animal breeding, but what he says of the 
whole applies equally forcefully to the part. 

Culture has been viewed by Bose (1901) as an adaptation aiding the 
survival of communities which is based on a constellation of ideas and 
emotions. When now adaptations are required in the name of biological 
fitness, cultures must change and become more complex although not 
in any predetermined way. Over the centimes there has been a sequence 
of ideas and emotions on the subject, each giving way in its turn to 
another more in harmony with its time. Perhaps it has always been the 
fate of animal breeding to suffer some degree of disharmony irith the 
trend of events. Geared ns they arc to the slow rhythm of the seasons 
and compelled to endure long gestations, domestic livestock engender a 
certain tempo of thought and action in those wlio breed them. This is 
unfortunate in Eiu-opo and North America hut doubly so in Africa and 
Asia. Old ideas and institutions tend to outlive their usefubicss and 
become over-valued. They lose initiative but continue to bo supported 
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out of haWt or pride. Yet there is an urgent need to ad/'Pt ^em to 
changed conditions and at times to have the conrage to abandon some 
of them completely. There is no aspect of animal breeding that research 
has left nntonched; there is no breed that is perfect; and there is no 
system of breeding that could not he improved. Adaptation, of course, 
%vill come sooner or later, hut sooner and more smoothly if consciously 
sought hy flexible minds. 


V. Decision Making 

One of the most pressing and yet neglected problems in animal hreedmg 
concerns decision making. It is easy to look back and see how technical 
achievements lead to the concentration, of power in few hands. What has 
happened in other industries is also happening in agriculture. The 
growth of large businesses based on vertical or horizontal integration, 
the breeding of a million cattle hy a single artificial breeding organisa- 
tion, and the control of prices hy government action, are three well- 
known examplcis that leave no small-scale breeder untouched. In each 
case, a few people make decisions affecting many. This is a social 
problem with considerable effects on animal breeding because of its 
susceptibility to being organised. Breeding has been so vague in its 
objectives, so inefficient in its methods, and so rudimentary in organisa- 
tion that it offers great scope for the modem decision-maker. In many 
situations this may turn out to bo the scientist, unconscious perhaps 
of lus influence, but a decision-maker none the less. Churchman (1961), 
w hose studies of tiiis subject make enthralling reading, goes so far as to 
say that science is decision-making. In his sense, the sense that scientists 
determine -what information they will collect and how they will in- 
terpret it, this conclusion is inescapable. Scientists, however, are not the 
only decision-makers in the new forms of animal breeding although they 
obviously influence the nature and the quantity of data provided for 
thoce who do make decisions. 


Tho<50 who arc at homo on the frontiers of knowledge can become very 
powerful, but they are few and often do not communicate easily Avith 
other people. Tliero are sometimes problems of communication between 
management and tecluiologists; how much wider, therefore, is the gulf 
between the latter and the ordinary farmer. Important though it is 
to tho^ concerned, tlus question is but one facet of the vastly greater 
one of informing the voter in a democracj' about the poHtical issues 
involving science 


■n,. orpn^..ition of animal breading heretofore been a haphazard 
raalt.r. Ne.ther the re^ponaibilitiea nor the prerogatives of scicnliata 
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and nlanagers, breeders and bankers, private concerns and the state, 
are sulficiently clearly defined anyivhere in the world to allow a simple 
analysis of the genetic consequences of the various developments taking 
place. Yet the combination of big science and big business results m 
the emergence of a whole set of new problems of vital import to the 
future of manldnd under any form of government. The genetic manage- 
ment of our resources of useful or potentially useful animals is one of 
such problems, and discussion of it is the main purpose of the present 
work. 
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The purpose of this chapter is to describe briefly the agrictUtural back- 
ground against Tvluch the potentialities of animal breeding are to bo 
considered. Into the intricate fabric of agriculture are v?oren many 
minor patterns vrhich, being all functional parts of a vrhole, cannot be 
comprehended separately. If animal breeding is to meet th% calls on it, 
those Tvbo are responsible must ensure that its objectives are generally 
acceptable to society and that its methods are consonant vdth its 
purpose. Tliere can be no hope of bringing in a few painless adjustments 
intended to stave off radical changes. As a reminder of the exciting 
developments in many agricultural practices which will influence and 
ho influenced by types of livestock, a few pages have been culled from 
the works of recent historians, research workers and commentators. 
Inadequate though they are to give more than liints of the ferment of 
ideas, they may serve to show the need for a contmuing adaptation of 
all the sciences and practices to each other. Only a little imagination is 
required to foresee changes when a strong demand, a flourishing tech- 
nology and a relatively underdeveloped industry are in conjunction. 
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ing tho use of enclosures, tho provision of winter feed and pastures of 
clover and artificial grasses. Later, the activities of Robert Bakowell and 
his immediate successors laid the foimdations for the structure of animal 
breeding as it is known today. These breeders owed their opportunity to 
the increased demand of city markets and to improvements in road, rail 
and water transport both within the country and for export of live 
animals from Britain. The techniques of breeding thus established then 
began spreading to other countries. In many instances, livestock 
production depended on locally developed methods, but, by and large, 
where it became organised, its structure was based mainly on the 
British model. 


TABLE 2.1 

Trends in fields of crops, milh and eggs in the United Kingdom 


Item 

Pre*war average 

3*year avorage 
1900-C3 

% mcreaso 

Wheat 

17 8 cwt/acre 

31*3 

76 

Sugar beet 

8*2 tons/aero 

13 0 

63 

Potatoes 

G 7 tons/acro 

89 

33 

Iililk 

C60 gall /cow 

777 

30 

Eggs 

149 eggs/hen 

191 

23 


The nineteenth century brought a steady increase in productivity 
through the spread of improved Iiusbandry. At tho same time con- 
siderable changes were effected in the conformation of animals before as 
well as after the compiling of herdboolcs began. How much genetic 
clmnge in milk yield has taken place is problematical, but greater fleece 
weights (in jNlerinos and Romneys), smaller fleece weights (in Wiltshire 
Homs), more eggs (in ducks and hens), and faster growth (in pigs) liavo 
certainly been acliievcd in the comparatively recent past. All these 
adaptations took place in tho context of developing markets and chang- 
ing husbandry. In his book Ernie (1961) lias traced tho main lines of 
development in agriculture in tho United lUngdom which in many ways 
arc also typical of other countries. TIic one word wliich comprehends all 
the changes, regardless of time or continent is intensification. During tho 
eventful period 1910-60, the tempo of change quickened. Under tho 
impact of Ecicntific discoveries coming over faster and being applied 
prompth--, tho old rigidity of both plant and animal production, ex- 
pressed in fixed rotations and other niles of good Jiusbandiy, hod to giro 
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way to a new adaptaliility all over tlio world (Russell, 1954). Advances 
are still coming rapidly. In the year ending ^lay 1904, net output in 
Britain was nearly a quarter more than it was ten years earlier. In tlus 
same period, the number of agricultural workers fell by over a quarter 
due to the mechanising of traditional farm processes and the saving of 
labour by modem methods. As with output per man, production from 
both crops and animals is rising, hut more slowly for the latter. Table 
2.1 shows how the output of several products has grown in the United 
ICmgdom since 1939, and similar figures are available for other countries. 


? 



Fig 2 1. Man hour output m livestock and crop production (from Byerly, 1964; 
reproduced with permission of the author and publisher) 


For instance, a very similar process has been going on in the United 
States Figure 2.1 (from Byerly, 1964) shows how the output of five 
major products per man-hour took a marked upward trend between 
1940 and 1959 Between 1925 and 1940. the annual number of eggs per 
laying hen rose from 112 to 134. an increase of 1-5 eggs per year. By 
1900 the number of eggs rose to 209. the rate of mcrease having speeded 
up to 3 75 eggs per year. 

Again, in the countries with advanced dairy industries there has been 
a general upward trend in yield of milk (or total fat) and in herd size, 
Biiwe 194o pable 2 2). Smee this trend is so fast, so widespread, and 
mdependent of breed, it seems likely that much of the in 


i mcrease is 
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attributable to higher levels of husbandry, such as more liberal com 
feeding of cows in the United States. 

Although net financial outcome of farming operations is the major 
factor governing them, it is not the only one. Livestock farmers have 
often a loyalty or personal attaclnnent to their stock which makes them 


TABLE 2.2 

Trends in dairy cow prodticlion 


Country 

Breed 

Period 

(years) 

Increase per year 

kg buttorfat gall milk 

Denmark 

Bed Dane 

15 

2-7 

U-Sf 


Jersey 

16 

2-7 

14-8t 

New Zealand 

Jersey 

1C 

1‘3 

7*2t 

Holland 

Friesian 

12 


5-3 

Bngland 

Friesian 

16 


10 0 


Ayrshire 

10 


9'2 

Scotland 

Friesian 

7 


7.4 


Ayrshiro 

7 


8*1 

V.SA, 

Holstein 

4 


IC“2 


Ayrshire 

4 


18*6 


Comparisons between countries aro not rocommondod owing to tlxo vnrj'ing 
iriQttiQcU qC ijsUtiuktmg nvotago yields and to tUo unequal periods for wlucU data 
aro available. 

t Based on 4% buttorfat equivalent. 

reluctant to abandon either their profession or their animals eontrary to 
■wlmt economic pressures tell them to do. OtJiers hope vaguely (and, 
■usually, vainly) that things tvill improve if they can liolcl on long 
enough. Tlicro lias been, consequently, a time lag in the multiplication 
of economically superior animals and in the demise of inferior ones. As 
fanning becomes more of a business, this time lag is likely to become 
shorter. "With the growth of performanco testing and the intelligent 
analj*sis of the results, the merits and demerits of particular breeds and 
crosses of sheep and cattle could become widely and quickly knouji as 
has happened ivith pigs and jioultry. It may bo some time yet before 
now varieties of the larger livestock are bred to meet specific conditloiw 
of production ns poultry are now, but they aro in dear pro‘q>ect. 

rouUrj* are now bred largely by careful combinations of lines to have 
a uniform rate of proulh and tnnturo body sire, to produce a largo 
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number o£ eggs of specified size and colour, to have high food eificieney, 
and to present an attractive carcass. All these characteristics have been 
notably improved -while the cost of eggs and of poultry meat has been 
reduced in the last two decades. The eye judgment of breeders played 
no part in this process. In the task of improvement of such traits as 
disease resistance, appetite, ability to utilise various diets (for instance, 
soya bean meal wliich is deficient in. methionine), laboratory techniques 
applied purposefully on an adequate scale are necessary. 

hlany of those who produce other types of stock still have to learn 
the lessons from poultry: costs of production at all stages must bo 
decreased as far as possible; market requirements met accurately; 
growth rate and production increased; food efficiency improved; the 
number of separate products or qualities reduced to a minimum; 
husbandry mechanised; fertility raised and mortality lowered; over- 
heads spread over a large production and all unprofitable activities 
eliminated. 

Since many livestock farmers do not yet see the need for records of 
performance of their stock and thus have only a vague idea of the strong 
and weak points of their businesses, it might appear that they, in 
general, have a loi^ way to go before they can take advantage of recent 
technical developments. This was true also of the numerous small 
poultry farmers who no longer exist as independent producers. ^Vllat 
happened in their case was that they first provided a market for im- 
proved varieties and then were forced by economic pressures to quit 
the industry or become absorbed by more efficient enterprises. 

Books on medieval agriculture abow that Btockmon flourished long 
before specialist breeders. They had the task of drawing a usable surplus 
from their animals imdcr very primitive conditions, and in skill and 
devotion to their charges concede nothing to their successors. With the 
advent of shows and then pedigree breeding further opportunities were 
created for them to develop their cxi»ertise and authority to the point 
where they reigned practically supreme in their departments of the 
farms. Tliey could no doubt extract the best out of their herds and 
flocks by a fine sensitivity to the needs of individual animals in a farm- 
ing world which could be lavish with cheap labour. It is to be feared 
that, like many other kinds of craftsmen, these artists are losing status 
in industrial fanning. WTiero dairymen are judged by the number of 
cows milkwl in an hour, there is no place for the slow mflking co%v or the 
man who will patiently milk her out. There is no place for the time- 
w^uming hurdle flock of sheep, for the smaU flock of chickens main- 
tamed under extensive conditions, or for the sow that must be watched 
while she farrows. By degrees all classes of stock are being subjected to 
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Belection \7luol1 favours animals that need a minimum of individual 
attention. The contrast between the heterogeneity of colour and form of 
pre-purebred floohs and herds, which made visual identification of 
individual animals easy, with the monotonously uniform appearance of 
strain crosses of oliickens is a reflection of this process 

Just as new varieties of crop plants have to be suitable for the new 
machines to sow and harvest them, and, more recently, for the animals 
that will eat them, so the test of a better animal must be conducted 
under advanced conditions of livestock production. There seems little 
doubt that stockmen and breeders will also have to prove themselves/ 
under the same conditions 

The basic difficulties about raising livestock production in either 
developed or under-developed countries are sociological rather than 
economic or scientific. They include religion, systems of land tenure, 
and a failure by “economic man” to live up to liis name. The extent to 
which farmers are unresponsive to the profit motive would make an 
interesting study. Whatever the reasons, however, many are strongly 
resistant to infihigoments of their chosen occupation. IWion the result 
of this is a failure to increase or cheapen production, the world is the 
poorer and, where there is no surplus, so is the taxpayer or consumer. 

II. Recent Advances 
A. Husbandry 

Much of the increased productivity of the land has como from drainage, 
provision of winter feed for stock, improved cultivations, especially 
from the speed and power of tractors, fencing and fertilisers. Although 
those tccliniques arc hardly recent in conception, they are still being 
refined and are capable of increased utilisation (Cutlibertson, 1903). 
In particular, the use of fortib'sors can bo extended as higher yielding 
crop plants and grasses become available and os heavier stocking rates 
compatible vitli good health become possible. 

Wiiilo seeing some scope for reclamation of both iiigli-lj’ing and low- 
Ijing ground, Russell (1954) tliinlm that the greatest potential for 
increasing production lies in more oiTcctivo use of the land already 
occupied. No doubt this u ould require the transformation of nomadic 
and subsistence farming vith all the social consequences of such change. 

In order to place farming on the spiral of increasing productivit3’, 
Bjiitcms of land tomuo and of providing capital would have to bo ad- 
justed to permit the full exploitation of the soil. Rirwcll supposes that 
tliis transformation has already taken place in Northwest Ihuopo and 
Ifortli America but the process has only begun. 
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Advances in the sciences of plant lireeding and animal nutrition and 
animal health are of the greatest Eigm6cance to animal breeders, to tac^ 
for a well-balanced assessment of future prospects m animal produebon 
they can hardly be considered separately. As might be oxperfed, tins 
is most evident where growth is fastest (whether it be growth of am^ls 
or growth in human shill) and this is at the most intensive end of the 
scale of agricultural activities. Pig and poultry producers have accord- 
ingly appreciated, as have dairy farmers, the newer knowledge ot 
nutrition that permits them to nso \rell-halanced rations that are based 
on the mineral, anuno-acid, and vitamin needs of high-producing stock. 
Sheep and cattle farmers are gradually taking advantage of the better 
yielding and more palatable strains of crops, including grass. All Idn^ 
of stockmen become increasingly dependent on the ability of the veteri- 
narians to steer them clear of disease. 

ilachincry for automatic feeding, watering, ventilation and cleaiung 
of animals is already in common use for poultiy and for beef cattle in 
feedlots. There seems to be no insuperable obstacle in the way of 
eictending such methods to other classes of livestock which repay 
intensive rearing. Another well-known development is the use of anti- 
biotics and other drugs for augmenting production and for hygiene. 
Just what the future holds in this respect is not obvious, but it is certain 
that as new methods of husbandry arise there will be a need for coping 
with diseases that may not have been important formerly but have 
become important under new intensive conditions ilinimum-disease 
and specific-pathogen-free pigs have an obvious bearing on this problem. 
This potential seems to he high. Disease takes a heavy toll of intensively 
kept animals and it seems likely that future housing will be associated 
with means of obtaining and maintaining animals which are free of 
certain diseases. Among the features of these buildings will he auto- 
matic feeding and temperature control. The latter is important because 
it affects efficiency of food utilisation and, tlirough it, rate of maturing* 
Temperature control may also be of significance in the Trin flR and levels 
of incidence of disease which stock experience. 

B. Artificial insemination 

Sinco 1045 artificial insemination (A.I.) of dairy cattlehasprovided new 
and great opportunity for advances in livestock production. It soon 
jnstificd itself on economic grounds. But contrary to original expecta- 
suitable sires for artificial insemination centres proved very 
difficidt. As a midt, the recording of performance had to become highly 
organised. In the long run, the repercussions of artifidal insenunation of 
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dairy cattle on other lands of livestock, through the complementary 
development of operational research, deep freezing of semen, and pro- 
geny and performance testing, and the attitudes of farmers to them, 
may he more important than artificial insemination itself. 

Naturally enough, the main benefit of using this teclmique accrues to 
those who control the iuteUeotual and physical machinery of its opera- 
tion and to their employers. Some breeders of pedigree dairy cattle, 
however, suffer a loss of trade for young bulls, and also a loss of prestige, 
since their breeding methods seem to be inadequate when put to the 
test of performance. With the spread of testing to pigs and sheep, there 
will he the same disagreeable revelations about the way these species 
are being bred. The effects of A.I. in cattle axe more fully discussed in 
Chapter 6. 

C. Genetic theory 

During the last thirty years, the theory of population genetics has 
become a solid basis for industrial plan n i n g. Generations of students 
have been taught its precepts and speak its language. As a result of 
their activities, a large store of genetic information about livestock has 
been collected and made available to all. Statistical methods have been 
devised for use in the specific problems of animal breeding and widely 
applied in many countries. With the coming of machinery for the 
handling of data, culminating in the computer, the geneticist became 
possessed of very powerful tools for manipulating livestock populations. 
Examples of his use of these tools to good effect is to be seen m the 
dairy, pig and poultry industries. In addition, publicity in teclmical and 
popular journals for scientifically gathered and interpreted data has 
created a new social atmosphere in which breeders must now work. 
The mystique of stock sense has become an uncertain refuge, as has the 
green tlnunb in mechanised plantations. 

A comprehensive theory has been provided for imderstanding the 
biological evolution of livestock. As it becomes more refined, its strength 
will increase, but it is already too firmly establislied to bo wrecked or 
oven shaken by personal distaste for its conclusions. Although there 
may well bo on occasion some sentimental or political objections to 
their logical consequences (for instance, financial embarrassment to 
pedigree breeders), these conclusionswill noton that aecoimt bo less valid. 
Cliaptcr 3 is devoted to a fuller discussion of modem genetic theory. 

D. Marketing 

Off the farm, marketing has been growing in complexity mth the aid 
of cold storage, grading, rapid transport and packaging. Farmers and 
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the breeders who supply them with breeding animals must reckon inth 
the results of consumer research and advertising. They mast expect that 
elimination of hard physical labour, propaganda of a medical character, 
super-marketing, deep freezing and freeze-drying, and a growing interest 
in quality and hygiene -will have rcpcfrcussioas on farms such as the 
practice of contracting for specific products. For ovidenco of this they 
need only recall the increasing prcfcrenco for meat that is free of fat 
and is tender. Ck)nsumer8 have also obliged sbeep farmers to share their 
wool markets with manufacturers of artificial fibres. Furthermore, rapid 
traffic in hoth live animals and carcass meat which is now possible 
between countries makes a producer sensitive to changes in supplies 
occurring far from his oAvn parish. Yet it also provides opportunities of 
selling in wider markets such as were taken hy the United States 
broiler and the Danish bacon producers. Political and economic con- 
siderations may determine whether markets arc protected and prices 
huifered, but biological facts are also dotenninants of uniformity of 
products, efficiency of production, and the long-term outlook for the 
development of superior strains. 

These are, perhaps, the principal changes of immediate interest to 
animal breeders but they will bo followed by others in tlio near future. 
Evolution is not mere change. It is the replacement of simpler systems 
by more intricate and more complex ones. There is no prospect, there- 
fore, that any reversion to former and less exacting concepts will occur. 

It is as much a law of livestock breeding as it is of natural evolution 
and of the lustoty of human mstiturions tliat the most rapid develop- 
ment occurs when new ecological or social opportunities arise, fri live- 
stock hreeffing, the opportunities are greater than, ever, since the 
authority of formalism in breedii^ has been broken at the moment when 
scope for exercising the now liberty is expanding. Animals must now 
be bred not for their fair appearance but to fit the machineiy of mass 
production. 


III. What Is Improvement? 

Pos-sibly one of the greatest difficulties facing breeders, agricultural 
orgam^tions, and geneticists is how to reach agreement on what changes 
m performance constitute improvement. This is hardly surprising. 
Ihreo elements, each complex, ar© involved: i o 

1. pedipe breedera' incomes, nnlike those of users of unregistered 
stock, urcludo the sale of pedigree breeding stock: 

. f^rformaUTO has many components, some of which may be 
mcompatible with each other; 
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3. economic and environmental conditions of production are in- 
constant, prices and liusbandry varying witZi time and iocality. 

Pedigree breeders have a readily understandable point of view. As 
long as breeding stock is bought on appearance, they are there to supply 
the market. They m\ist foster the popular type by whatever breeding, 
husbandry or advertising methods they have at hand. They are fully 
entitled to give it as their opinion that a certain balance of character- 
istics, that is, type, is desirable and that they are providing it. Others 
are equally entitled to different opinions. 

The owners of commercial cattle or pigs or sheep are aware that their 
net income is affected by many items in a profit and loss account other 
than milk yield per cow, the number of pigs in a litter, or the weight of 
a weaned lamb. They have not, however, been very well informed by 
research workers about the importance of other components of net 
profits, such outputs per man and per acre, mortality and veterinary 
expenses, the salvage value of worn-out breeding females, and their 
rate of depreciation. Although familiar, these items are rarely studied by 
geneticists. There is consequently not much information about the 
amount of genetic variation in them; nor is there likely to be much 
\mtil suitable data are collected. On the assumption that they are of 
low heritability and unlikely to deteriorate as an unfortunate side 
effect of selection for weight of meat or milk, it is thought by some to be 
reasonable to ignore them iu breeding. 

jSIany advocates of positive eugenics, wlio have a vision of breeding 
a superior race of men, find it hard to persuade others whore superiority 
and breeding value lie. Improvers of livestock face the same difficulty. 
Since there is room for disagreement, the pessimists can be expected to 
opt for attention in breeding to numerous criteria and a preference for 
no change. They have the advantage of being able to point out how 
uncertain markets are and how unreliable the estimates of costs of 
production. Clianges in public tasto can alter quality differentials in 
milk or meat very quickly. Technical developments in prospect could 
alter prices and costs substantially as, for instance, in such items as the 
housing of shcop, the timing of lambing, or the preparation and market- 
ing of convenience foods instead of carcass moat. 

The various authorities influencing animal breeding (poultry now 
excepted) have not seen fit to secure much help from those trained iu 
the methods and approach of economics — a remarkable omission, in a 
largo indiistrj‘. How does it come ahoiit that agricultural economics has 
not penetrated at least into research on animal breeding? Could it bo 
llmt a combination of disdain by scientists and lack of iraaginatfon in 
economists has produced tliis result? 
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A negative attitude to change, no matter how well-founded, is still 
unpalatable to optimists and to most scientists who live by it. They ^n 
point out that over the centuries during which agriculture has reached 
its present stage of productivity, the trend has consistently been 
towards high performance and risk-taking. Occasional disastrous 
droughts have not prevented Australians from increasing wool produc- 
tion from ilcrinos, even at the cost of some merit in meat, milk and 
fertility. Claims for great hardiness liavc never helped a breed such as 
Soay sheep or Longhorn cattle that lacked potential for a saleable 
commodity. Unfavourable genetic correlations, making it impossible to 
combine all the components of perfection, no doubt exist but they may 
not bo serious. Some of them may be counteracted by husbandry, 
others overcome by selection, wlule still others may require that some 
losses arc put up with in order to enjoj’^ greater gains. Although some 
attempts to raise livestock production hy breeding may fail, those which 
succeed will lead to the replacing of breeds that remain static. 

In the last resort, discussion about objectives in improvement 
resolves itself frequently into disagreements about land use. Good 
growih rate and food efficiency may be desirable ovDr>wvhero, but the 
conditions under which these traits are to bo manifested vary widely. 
Ucef production, for instance, may take place in feed lots with high 
energj' diets pcrmittii^ slaughter at 1-1^ years of age, or on extensive 
grazings with low energy diets, periods of shortage, and a suitable 
weight for slaughter at 2-3 years. In southwest Scotland, for example, 
Galloway cattle are bred for adaptation to w ct cold \vinters with silage 
feeding. To fit in with the farming system in use, the cattle must be of 
the right size and fatness to kill -when 2-2i years old. Too much em- 
phasis on growth rate might disqualify them for this purpose. Since, 
however, there is nothing immutable in fanning systems, those who 
control the fortunes of this breed arc faced with the risk that, if hus- 
bandry intensifies further, a faster grooving breed mjf^ht prove more 
popular. ° 


r.mcicncj' is also wanted in straight-bred beef cattle or in various 
crossbreds from dual-purpose and dairj' cows. Selection for growth rate, 
thereforc, might be imposed on all breeds, but the attention paid to 
other things would vary m kind and intensity depending on the use to 
mat 0 o and. lor the BritLsh Friesian breed internal tensions are 
creatt^ m thus w ay, since it is the source of much British home-produced 
T" sjstem aimed at rapid 

mitunty for slaughter, others require steers for 

metW, T “PP’y mtermediate 

metliod,. Tj-pe vanes uith rate of grondh and ago, as u cll as uith beef 
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and dairy character. General agreement on type, therefore, for an 
animal that is primarily a dairy cow, but also an important beef 
producer, is evidently impossible. As history shows, there are several 
ways of escaping irom this conflict of purposes: splitting the breed into 
sub-breeds, organised crossbreeding, and changing to another breed. 

Paced with the growing world shortage of animal protein aggravated 
by the increasing demand for beef as standards of living rise, the 
administrators and sponsors of long term genetic research with livestock 
have a problem in deciding what resources to devote to the question of 
raisii^ beef supplies from dairy cattle. As Plowman (1964) and many 
others have pointed out, more beef can be had from a fi^ed population 
of dairy cattle by keeping cows longer, raising all surplus male and 
female calves to greater live weights, using bulls of the largest breeds, 
and reducing losses from disease and infertility. Except for cross- 
breeding, these methods are all well-known and applied during the 
growth phase of any breed when prices are high. More beef, however, 
means less of something else, and beef is the most expensive form of 
animal protein to produce. An indirect expense tliat may be mcurred is 
the loss of efficiency in improving the production of milk protein, 
especially if the criteria for selecting dairy cou’s are modified to allow 
for more pressure on meat qualities. This difficffity does not arise if 
selection for meat is carried out on a beef breed used for crossing with 
dairy cattle. 

Similar problems of defining priorities face the breeders of sheep and 
pigs. Breeders, producers, manufacturers and consumers all have 
diffemnt approaches to the question of xrbat is wanted and, if agreement 
by all to every change was required, it might well ho impossible to 
reach in respect of any numerically strong breed. There is no gi’oup of 
people with special insight who can ho relied on to have the right 
ans^ver, although in retrospect it is easy to see that in the past some 
'were nearer to it than others. During the past 200 years alone, many 
hundreds of local varieties must liave failed and, at least, in some cases 
it u as probably not bad luck but had judgment that brought misfor- 
tune. Breeders of Bercheron horses, Middle ^Vluto pigs and Slcriiios 
could hardly be blamed for becoming rcdtmdant in the United States, 
in the United Kingdom, and in the lulls and plnhxs of Kew Zealand, 
vhcro economics demanded tractors, loss fat, and export lamb; but the 
Clydesdale horse vith feathered feet, the Vennont Slcririo witli over- 
^Tinklcd skin, the rainbow tjq’c hog or the long resistance to polled 
varieties of cattle, were surely errors of judgment. 

Such minor tragedies, nevertheless, Itad, and have, a major ad vantage. 
Most of them occur nitliin breeds, but some, liUe those just mentioned, 
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A negative attitude to change, no matter hovr nell founded, is still 
unpalatahle to optimists and to most scientists who live by it They can 
pomt out that over the ccntuncs dunng which agriculture has reached 
Its present stage of productivity, the trend has consistently been 
towards high performance and risk taking Occasional disastrous 
droughts ha\e not prevented Australians from mcreasmg wool produc 
tion from ;Mennos, even at the cost of some ment m meat, milk and 
fcrtvhtj Claims for great hardiness have never helped a breed such as 
Seay sheep or Longhorn cattle that lacked potential for a saleable 
commodity Unfavourable genetic correlations, making it impossible to 
combme all the components of i>erfcction, no doubt exist but they may 
not he senous Some of them may be counteracted b3’' husbandry, 
others overcome bj Bclection, while still others may reqmrc that some 
losses are put up with m order to enjoj greater gams Although some 
attempts to rai«c livestock production b3 breedmg may fad, those w hich 
succeed will lead to the rcplacmg of breeds that remain static 

In the last resort, discussion about objectives m improvement 
resolves itself frequently mto dLsagreements about land use Good 
growth rate and food efficiency may bo desirable ever3'where, but the 
conditions imder which these traits are to be manifested vary widely 
Beef production, for instance, may take place m feed lots with high 
energy diets permitting slaughter at 1-1^ years of age, or on extensive 
grazmgs with low energy diets, periods of shortage, and a smtable 
weight for slaughter at 2-3 years In southwest Scotland, for example, 
Galloway cattle are bred for adaptation to wet cold winters with sdage 
feeding To fit in ^nth the farming system in use, the cattle must be of 
the nght size and fatness to kill nhen 2-2i years old Too much em- 
phasis on growth rate might disqualify them for this purpose Smee, 
however, there is nothmg immutable m farming systems, those who 
control the fortunes of this breed are faced with the nsL that, if hus 
handry intensifies further, a faster growTiig breed might prove more 
popular 


Efficiency is also wanted m straight bred beef cattle or m various 
crossbreds from dual purpose and dairy cow a Selection for growth rate, 
therefore, might be imposed on all breeds, but the attention paid to 
other things w ould > aiy m kind and mtensit3 depending on the use to 
be made ofland For the Bntish Fnesian breed internal tensions are 
created in tins wa3 , since it is the source of much British home produced 
beef ,_ome u-^rs require steers for a production 8 \stem aimed at rapid 
turno\cr and earl3 matunt5 for slaughter, others require steers for 
pa^^turc and silage fts^ding, urhilo still othem appl3 mtenncdiate 
methods T3T>e vanes with rate of growth and age, as well as snth beef 
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and dairy cliaraoter. General agreement on type, tlrerefore, for an 
animal that is primarily a dairy cow, but also an important beef 
producer, is evidently impossible. As history shows, there are several 
ways of escaping from this conflict of purposes; splitting the breed into 
snb-breeds, organised crossbreedhig, and changing to another breed. 

Faced rvith the growing world shortage of animal protein aggravated 
by the increasing demand for beef as standards of living rise, the 
administrators and sponsors of long term genetic research with livestock 
have a problem in deciding w^hat resources to devote to the question of 
raising beef supplies from dairy cattle. As Plowman (19G4) and many 
others have pointed out, more beef can be had from a fixed popidation 
of dairy cattle by keeping cows longer, raising all siuplus male and 
female calves to greater live weights, using bulls of the largest breeds, 
and reducing losses from disease and infertility. Except for cross- 
breeding, these methods are all well-laiown and applied during the 
growth phase of any breed when prices are high. More beef, however, 
means less of sometlung else, and beef is the most expensive form of 
animal protein to produce. An indirect expense that may be inomrod is 
the loss of efiioienoy in improving the production of milk protein, 
especially if the criteria for selecting dairy cows are modified to allow 
for more pressure on moat qualities. Tliis difficulty does not arise if 
solootiou for moat is carried out on a beef breed used for crossing with 
dairy cattle. 

Similar problems of defining priorities face the breeders of sheep and 
pigs. Breeders, producers, raanufactmers and consumers all have 
different approaches to the question of what is wanted and, if agicoiuent 
by all to every change was required, it might well bo impossible to 
reach in respect of any muncrically strong breed. There is no group of 
people with special insight who can bo relied on to have the right 
answer, although in retrospect it is easy to see that in the past some 
were nearer to it than others. Dining the past 200 years alone, many 
hundreds of local varieties must have failed and, at least, in some cases 
it Avas probably not bad luck but bad judgment timt brought misfor- 
tune. Breeders of Pcrclicron horses, Sliddlo fVhitc pigs and Jlcrinos 
could hardly be blamed for becoming reilimdant in the United States, 
in the United Kingdom, and in the hills and jilains of Xeiv Zealand, 
where economics demanded tractors, less fat, and export Iamb; but tlie 
Clydesdale horse with feathered feet, the Vermont !^^erino with over- 
WTinkled skin, the rainbow lyiH’ hog or the long re«istnneo to jiolleil 
varieties of eattle, were surely errors of judgment. 

Huch minortrageilies, nevertheless, had, and have, a major advantage. 
Most of them occur w itliin bnsds, but some, like timwi just meutioiusl, 
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affect whole breeds because official breed type happened to be 
conceived. It is the price of progress that many attempts to find Jt 
should fail. To be limited to mating one attempt either because ol 
authority at the centre of a breed association or of another type ot 
organisation, or because numbers of animals in a breed are ' 
means taking a grave risk that errors of judgment trill not readily be 
detected or corrected. 


IV. Short-range Objectives 

Slaking tbe best of the material and institutions now available involves 
a critical appraisal of animals, enterprises and industries. All three have 
attracted recent scrutiny from farmers, biologists of various kin^, 
economists, and business men. As a result, livestock production is m 
the process of abandoning many of its old principles and of trying to 
discover new ones in an intensive search for efficiency in the iise of land, 
labour and capital. 


A. Improving animals 

To say tliat the immediate task of breeders is to improve efficiency is 
not very helpful, since numerous changes might bo claimed to lead to 
Wgber cffidency. To select for certain traits involves risks of misreading 
future markets but risks must be taken by someone. Waiting for fuU 
knoA\lcdge, or striving to maintain or “improve” animals in all resijects 
simultaneously may bo the correct policy for a fraction of a breed. 
Should other more positive policies succeed, this fraction can then he 
discarded. 

TJntil the appearance of large breeding enterprises animal breeding 
a as a form of gclf-expres.sion for many of those attracted to it, of whom 
some could bo relied upon to be mdivxdualLstic in their aims and 
methods. Only for short periods during the formative stages of a breed 
would unitj of effort be achieved. Thrs is one cause of inefficienev of the 
current pedigree system, for it is organised to suppress all but minor 
de\ialions from official type. Tlicrcfore, while securing the advantages 
of diversity a long range problem, the present need is to encourage 
the breeders who will concentrate on improving performance at some 
cost, if n«Kl he, to type as officially defined. This Und of breeder is 
more likely to be found among the young and among those who^ herds 
and flocU currently a hmited value. If thev succeed in creating 
IxUtT adapted vanr-tics, it is probable that tvpo will be redefined to 
suit thf stock they produce. ' 
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These remarlcs do not apply equally to all classes of livestock. In 
poultry breeding there has already been botli a ruthless sifting of breeds 
and varieties for suitability to markets and husbandry, and remarkable 
improvements in both broilers and egg-layers. Further improvements 
are becoming increasingly difficult to obtain. As a result, the question of 
securing genetic diversity looms much larger in tho poultry industry 
than it does uith cattle, sheep or pigs, which are in a more rudimentary 
stage of organisation. 


TABLE 2 3 

Changes in rale of gain and efficiency of feed utilisation in pigs (from 
EIIis, 1904) 


Year 


Average daily gam, 
lb 


Food per pound gam, 
lb 


1910 11 4 5 

1020 1 3 4 0 

1930 1 2 4 5 

1940 1 4 4-1 

1950 1'5 3 0 
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for food efaciency ivill eventually require some constancy of the feeding 
system and of the conditions of production such as rearing, fatte^g 
and age or -weight at slaughter. One of the points to keep in nund is t^ 
growing bacon or pork pigs are not the only members of a herd tto 
must be fed: pigs that die of disease and accident, pigs that suner 
chronic infections, pigs among the breeding stock that fail to mate or 
conceive promptly and completely, all waste food. Another point to 
remember is that an efficient pig eating only 3-2 lb of dry feed for each 
pound of gain in live weight consists very largely of bone, gut, skin, 
water and fat and only 10®/o of it comprises edible protein. 

As would be expected, the efficiency of food use bj' pigs, chickens, 
wool sheep or dairy cows is better for the higher producers than it is for 
the lower producers which have higher maintenance costs per umt of 
production, ilost of the investigations upon which this statement is 
founded have not, however, taken account of the food costs of maintam- 
ing breeding stocks. Notwithstanding this lacuna in knowledge, a 
poritivo correlation between efficiency of food use and output is one of 
the chief arguments for intensifying livestock production. Apart, how- 
ever, from the consideration that net profit is not the only thing to be 
desired (in a hungry world output per acre would certainly be more 
popular) the intensification of farming processes is the only open-ended 
policy, that is, a policy of imlimited future. Those who would seek net 
profit under conditions of inefficient food use can certainly not hope to 
increase net profits very far by accepting inefficiency. They cut them- 
selves off from the possibilities of exploiting brains, machinery and land. 

Another aspect of the efficiency of food use arises from the sex 
dimorphism in the size of animals. It is well known that uncastrated 
mature males of cattle, sheep and pigs are approximately one and a 
half times as big as the females of the species. The rate of gro-wth of 
males is faster than that of females, and their effiedenej'- of food use 
should also be greater. For this reason, to say nothing of reducing pain 
and encouraging lean meat production, castration may be increasingly 
regarded as anti-social. 

Because of their need for roughage, ruminants are less amenable than 
pigs to the recording of food consumed. That there will be differences in 
efficiency among them, however, is not to be donbted. mether these 
will be found with respect to proneness to lay on fat, growth rate, milk 
production, rumen flora or appetite level, is a question for the fnture to 
answer. It is also a moot point whether efficiency’ in milk production, 
and, particularly , m the protein fraction, has anything in common -with 
efficiency m meat production. Not surprisingly in the circumstances, 
much of the vanation among animals in efficiency is unwanted and has 
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nnlm nwn solircea. Even dairy cows still present many problems con- 
cerning both the aims of breeding and the methods of reaching them 
(Lush, 19B0). The present organisation and methods of animal breeding 
are not designed (except in the ponltiy industry) specifically or efieo- 
tively to morease animal protein production. There is a regrettable lack 
of information about the most efficient ways of produoiag protein. Tlie 
inter-relationships of breed, body size, feed levels and food composition 
are likely to be complex but will have to be determined for intelligent 
production. 

The dairy cow is a case in point. Her breeding is often more highly 
organised than that of any other form of livestock except poultry, and 
she is a very important source of proteins as milk and meat. IJnfortim- 
ately, there are no quick and cheap methods of measuring her breeding 
value from this point of view, and she continues to be selected for type, 
milk yield, and butterfat percentage. For discussion of the complexities 
of the genetics of milk protein production and its relation to butterfat 
production, Robertson, Waite, and HTiite (1966), and Berge (1963) 
should be consulted. 


TABLE 2.4 

Apparent digestibility of organic matter of foods by different species in relation 
to fibre content of food (from Blaster, 1960) 


Spocios 

0 

% libro 

16 

30 

Ox 

86 

76 

C3 

Shoop 

BO 

7C 

63 

Pig 

04 

70 

46 

Hon 

86 

67 

27 


If the battle between food production and human reproduction 
(Luck, 1957) proceeds ns predicted, tho proportions of the dincront kinds 
of animals raised may have to change. Species differ in ability to digest 
food. Table 2.4 shows how increasing amounts of fibre reduce tlic 
aiipareut digestibility of organic matter far more in pigs and poultry 
tluin in cattle and sheep. 

Pigs and poidtij' which have simple stomachs and prefer concentrated 
food similar to that of man, maj' eventually suffer in competition for 
food 8upi>lies with him. Ruminants would npjwnr to have good long- 
term prosi>cct.s of maintaining or increasing their numbers becauso they 
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eat fibrous foods and can make protein with the aid of their 
out of foodstuffs impossible for man to digest. Thus m spite of the lam 
that in the ruminant, only 50-70% of the metabolisable energy ot loo 
is available, whereas in monogastric species the comparable h^ 
80-90% (Jlitchell, 1904), they are in no danger ot being eventuaUy se 
aside in favour of pigs and poultry. If the horizon, for policy purposes, 
is brought closer, the prospects for applying the financing, breeding, 
husbandry, and sales methods of the poultry industry for the improve 
ment of larger animals are probably better for pigs than for sheep or 
cattle. Pigs have not only a much higher reproductive rate and there- 
fore higher potential selection differentials, but also have aheady gone 
part of the "way to achieve the necessary testing facilities, intensine 
husbandry and simplified objectives. 

As Table 2.5 shows, the ox, pig and hen differ from each other m 
efficiency of gain on any one kind of food, hut they do not maintain 
the same relative efficiencies from food to food. From this particular 
point of view the best use to be made of food of high energy content and 
low fibre is to feed it to pigs and hens. However, as demonstrated by the 
prices paid for intensively reared beef, the laws of supply and demand 
are quite capable of overriding this biological consideration. 


TABLE 2 5 

Comparison of species with reaped to net energy values of different feeds 
(from Blaster, lOCO) 


Absolute values 
Leal cne^y gamed 

per gram dry matter Relative \^laos 


ilaizo grain 

Ox 

P*e 

Hen 

Ox 

Pig 

Hen 

2 04 

3 01 

3 05 



150 

Earthnut cake 

1 77 

2G1 

2 28 



129 

bran 

1 50 

1-71 

1 06 



71 

^^■heat chaS 

0 63 

0 28 

— 

100 

44 

— 


CoMiderable changes might be possible with sheep. A ewe normalli 
milU only four months, and tho milk is usnally converted into laml 
instead of directly consumed by man. While she is milking, a ewe is alsi 
““'d- if necessary, be reduced and replaced b; 
synthclio fibre, tinder such a change in objective, the Wiltshire breed 
enough wool to protect itself, may becom 
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Like other animals, a Iamb is most efficiently growing when growing 
fast. Since the average growth rate of about 0-75 Ib/day is well below 
that attainable by some lambs, there would appear to be room for 
improving both mothers and offspring. The cost of production of 
protein (which amounts to about 61b in a 401b carcass) in lambs 
includes the maintenance of a ewe. Hence, it is natural to wonder 
whether there is opportunity for improvement by (a) reducing the size 
of ewe, (b) increasing her fertility, (c) improving pre- and post-natal 
environment to give lamhs a quick start, and (d) reducing mortality. 
Stratified cross-breeding already does much in these directions and 
could probably do more by emphasising the reproductive qualities on 
the female side of a cross and growth rate, and carcass quah’ty, especi- 
ally meatiness, on the male side (Rae, 1964). 

TABLE 2.6 

Annual feed rcguiretnenis of ewes and lambs for prodnclion (from Wallace, 
1955) 


Feed consumption (lb T.D.N.) 



Weight 
of lamb 
in lb 

Per lb 
carcass 
weight 
of lamb 

Per lb 
protein 
in lamb 

Per 1000 
calories 
in lamb 

Ewo •watli 1 lamb 

77 

18-C 

149 

14-8 


112 

140 

134 

9-4 


141 

13-8 

137 

7«6 

Ewo with 2 Iambs 

130 

12*8 

99 

n-c 


102 

11-0 

95 

7-7 


284 

10 5 

104 

6*7 


Interesting estimates of the feed cost of producing lamb meat have 
been made by Wallace (1955). The figures in Table 2.6 have been ex- 
tracted from his data. These figures show the advantage of twins in 
lowering costs of production, but also demonstrate how o.xpensivo 
animal protein is in terras of total digestible nutrients (T.D.N.). Table 
2.7 shows that lamb, pork and beef compare imfavourably with milk 
and eggs in this respect. 

Demand for more productive sheep to match the increased output 
from i)astures and rising cost of labour and for tj-pcs 6 pcciall 3 ' adapted 
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for intensive production in sheep houses is fociuiiiig attention on breed 
mg for higher fcrtiht>, jear round lambing, good appetite, and appro 
pnate earcass quahtj All tlicso objectives seem acluovablo m the n^r 
future in terms of crosses between two or three Bpccmliscd breeds 
Ixngthemng the breeding life of owes, howt\Dr, although it would bj 
itself save feed, reduce costa of depreciation and release more joung 
females for immediate consumption, is less promising ns a genetic 
proposition, because of the low licntabilitj of tlus trait (Bajloy €l o , 
1961) and its dependence on fertility 


TABLE 2 7 

JiltlL, meat and tgga ‘produced from 100 lb feed and ratio of protein produced to 
protexn tn the feed (adapts from Ellis, 19W) 


Product 

Total product 

lb protein in product 
lb protom m tho food 


Milk 

105 0 

25 


Eggs 

32 7 

25 


Broiler 

44 4 

22 


Turkey 

28 7 

10 


Pork 

27 7 

U 


Beof 

12 5 

10 


Lamb 

11 5 

08 



Total product cxpres.?edasli\oueigUt or ^Tholo oggor milk and protoin expressed 
as edible 


In Italy and France the improvement of milk production from ewes 
is an object of testmg and recording schemes and it could happen 
that, although the breeds concerned are mamtamed primarily for mdh 
production what is learned from them may influence the thmking of 
breeders concerned ynth. lamb production For the future, ewes may be 
needed ivhich have higher milk yields and shorter lactations so as to 
obt^ fast growth m lambs dunng the first month of life For a review 
?i aspects of milk production in sheep, Boyazoglu 

(1963) can be consulted ^ 

noted that cattle and sheep, as well as pigs, still 
° ^ esired with respect to their fertility and viabihty 
apparently not highly responsive to genetic selection, these 

tTen rates up to 30% occur be 

weeu birth and age at slaughter and good seme ihotates that ways be 
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found of keeping these losses down. Something more can he done to 
reduce these losses, including the use of appropriate breeding systems. 


B. Improving breeding methods 

Although the principles of population genetics are well explored, the 
genetic details have not necessarily been filled in for the larger domestic 
animals. For obvious reasons, the study of inlieritance has been limited 
to traits which are commonly recorded and, on a smaller scale, to those 
observed in specially selected herds. The result is that information 
about pigs and chickens is more extensive than about beef cattle and 
sheep; that among dairy cattle, more is known about inheritance of 
milk yield than about the genetics of its composition; and that in all 
coimtries there are breeds about which notliing specific is kno\vn. 
Serious attempts to improve them requiie an increase in selection 
differentials, and this, in turn calls for groups of animals larger than 
normal-sized herds. Furthermore, reduction of intervals between 
generations and application of performance and progeny testing when 
appropriate are also required. 

Breeders have been often mged to reduce as far as they can the num- 
ber of traits on wliich selection is based. Very imeveu attention has boon 
paid to these suggestions so far, but the trend is towards their wider 
acceptance. Oddly enough, it is the so-callcd practical breeder who 
shows reluctance to increase the directness and efficiency of liis methods. 
The state of affairs in sheep breeding in the United States lias boon 
described by Terrill (1958) in a review of fifty yeai*s of progress in sheep 
breeding research. TIio growth of scientific Imowledgo is documented 
by him and due reference made to the creation of now breeds, but no 
evidence of genetic improvement in old ones is or could liave been 
given. Instead, Terrill mildly observes tliat “Commercial producers of 
v ool and lambs sometimes seem to ho more aware of the need to apply 
selection pressure on production traits than are ram breeders and puro- 
hrod breeders.” The same could ho said in most if not all other countries. 

Although one cause for inefficiency of present-day selection pro- 
cedures stems from the fact that unimportant selection criteria are 
often employed, another lies in the use of indirect methods. Tlio time 
may ho soon coming uhen it vill bo nccessarj' to pay attention to some 
traits that arc at present ignored merely because of tho difficulty of 
measuring them. Temperament lias much to do with tlio performance 
of domestic animals. Yet it is very difficult to reduce wiriation in this 
character to some scale of values wliich can bo haudlod statistically, 
although many studies on genetic determination of temperament in 
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laboratory animals aro in progress {Fuller and Thompson, 196 ). 
Another most important characteristic that is as yet difficult to measur 
in larger animals is disease resistance. Tlic bases of disease resistance 
are not well understood but when they arc, adequate methods of measur- 
ing them will, no doubt, bo developed. 

For the time being it is true that clTiciency of food utilisation in meat 
animals can best bo studied in terms of growth rate, but this stage is 
probably not permanent. In the future it should bo possible dis- 
tinguish the various causes of inefficiency. To bo ablo to detect differ- 
ences quickly and easily would end the present necessity for long 
periods of recording of consumption which limits the number of animals 
tested. It is to be hoped that sooner rather than later some connection 
will be found between observable or readily measurable biochemical 
traits and metabolic processes that have a demonstrable connection 
with performance. Because of the comparative ease of controlling their 
environment and studying very largo numbers, it is likely that these 
developments vdW take place first with chickens and only much later 
with such large animals as cows. One example is provided by the study 
of Wilcox, Van Vlcck and Shaffner (1DG2) of the apparent relation 
between the level of scrum alkaline phosphatase and egg production (see 
Chapter 9). 


Carcass quality, including flavour, has so far proved very resistant to 
description in quantitative terms. Slight variations important only to 
comparatively few educated palates should not be allowed to divert 
research effort from the important problems of learning how to recognise 
animals of superior efficiency as protein producers and how to manage 
them properly. This includes testing preconceived ideas about correct 
conformation to see whether they help or hinder these objectives. 

The process of adapting ammals to their intended purpose has always 
been steadily changmg and is likely to continue so. Development of 
techmques for pre-digesting or tenderising meat with papain or other 
enzjTnes could have a great influence on the quality that is required in 
carcass meat Changes in consumer preference for the amount of fat in 
meat and their consequences are ivell known. At the present time, the 
tendency IS n^y from fat, and, since protein and not fat is in stort 
supply. It seems likely that fc the foreseeable future the trend will be 
of more protein and less fat in meat. From the same 


Sdffit provided'adequate cheap 

methods for measurmiz •nmtwn Sr. ^ni. 


chanfrinp protdn in milk aro evolved, the process of 

SS wol of highl protein 
Tat ^'^gWer of young animals for 

meat, to have them tender andfreo of fat, could bo reversed by advances 
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in meat technology if it proves possible to treat meat to conform to 
public taste without killing animals at very young ages. Tliis would 
require alteration in selection procedures, so that animals would he bred 
to reach their maximrun economic protein production at greater ages, 
in order to reduce the overhead costs of maintaining breeding stock by 
producing a greater amount of meat from each of their progeny. 

Technical developments create newproblems but they also make some 
old ones irrelevant. !For instance, drugs for disease control have altered 
the importance of resistance to worms, footrot and blow fly in sheep. 
Better imderstood mineral requirements have made possible the preven- 
tion of some metabolic diseases. New ideas in housing and in husbandry, 
however, are likely to bring new breeding problems in their train, 
because of the changes they involve in lighting, in the introduction of 
heavy feeding, of damp atmospheres, and of closer social relationships 
among animals which were free to avoid each other imder the old 
systems. The ambitions of those who would breed better animals and of 
those concerned with their husbandry are thus mutually interdependent, 
and call for advances in methods of controlling both nature and nurture. 

By intensifying animal production on land that will permit it, or in 
buildings, the need for locally adapted races might bo reduced. Much 
will depend on the reasons for having local races. Requirements for 
adaptation to local markets or local diseases may or may not be changed 
much, but ability to stand a harsh climate or inadequate food might no 
longer bo an essential. The dense housing of poultry, for instance, has 
brought in its wake a now set of health problems and the development 
of appropriate counter-measures. Performance testing of pigs on feeding 
systems capable of maintaining very liigh grovlh rates has also brought 
problems such as watery meat and foot weakness. With this experience 
as a guide, it would ho wise to prepare to deal with nutritional and 
pathological issues in housed sheep as well os vf th those in s^vino and 
cattle. ]\Iuch attention is being given to what have boon called tlio 
emerging diseases (Food and Agricultiu^ Organisation, 1903) that are 
spreading to new territories or increasing in frequency as stock rearing 
becomes more intense. There is, however, n long way to go before the 
collaboration of veterinary, nutritional, genetic and other specialists 
nccordswiththonccd. Such machmci:^’'ase.xists for collecting appropriate 
research data on these several aspects of Jolmo’s disease, cntcroto\ncmin 
in sUcep, and blue tongue is pathetically inadequate, and these are only 
tlireo of the more important and worsening diseases. 

As man’s control of animal environments grons more eflicacious, 
differences in hiLsbanclry practices \rill shrink. In tropical countries 
nnvious to enjo}’ the benefit of livestock of lugh productive capacity 
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from temperate regions, there is every reason to hope that the rontrol 
of environment, Tvhicli no-vr permits modem poultry keeping, 
extended to other classes of stock, especially dairy cows. ^ 

Tklost discussion of livestock improvement centres on the air^ ana 
methods of selection processes applied within breeds. As such it is omy 
tactical in scope. On the strate^c level, a hypothetical high 
would concern itself with selection between breeds, and the relattons 
between dairy cattle, beef cattle, pigs, sheep, chickens and turk^. 
What producers spend on their own development is their business, bu 
the amount of taxpayers’ money to be spent on advisory and researc 
work aimed at increasing productivity is apparently not governed by 
any kno^vn set of principles. These six sub-industries are competitive m 
this respect as well as in food markets. Those prepared to help them- 
selves, especially poultry and dairy cattle, have shown advances m 
efficiency and production to repays efforts put into research and develop- 
ment. Xo doubt sheep aud beef cattle could do likewise. But it w 
perhaps debatable whether scarce resources of advisory and research 
personnel should bo diverted to improving them if the breeders do not 
wish it. However, should improvement be in the public intcr^» 
breeders cannot be allowed to impede it while demanding protection 


from competitors. 

Although it might be possible to compute a regression function 
relating improvement to expenditure on development as a useful guide 
for those who have to decide on the amounts to spend on conflicting 
claims for assistance, such a function cannot be devised for basic 
research. This means that many research projects must be supported 
in order to make sure of supjiorting the few vhich turn out really 
valuable in improving curreut breeding methods. A further discussion 
of this problem is contained in Part IV. 
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breeders nor geneticists have developed any close collaboration with 
economists with a view to finding out what are the greatest economio 
weaknesses of the various breeds available. Selection indexes need 
realistic economic values not now available. The economics of breeding, 
including the cost of improvements and their value, ought to be known, 
no matter whether carried out by breeders or large organisations as a 
hobby, for a living, or as a public duty. 

The making of new breeds is a sign of virility in agriculture and is to 
be welcomed. Those who embark upon such a ventmre, however, should 
remember the lessons of history and make sure that their stock is not 
left to speak for itself. Advertising is not a substitute for performance 
but in our society it is an essential complement. Promotion nowadays 
usually begins when, or even before, a new breed is started. This 
sometimes applies also to a proposal to import a foreign variety. By 
the time there is a sufficient surplus to permit sales, much has been done 
to create the impression that there is a need for new stock of high 
performance. Since at least some importations have much merit in 
their homo lands, the claims made by promoters of new breeds are 
quite likely to bo justifiable in some sector of the livestock industry. 
No objective trials of new breeds are routinely encoiiraged anjrwhero, 
and therefore the testing of these claims is usually a prolonged and 
chancy empirical process that could easily be replaced by a formal and 
adequate procedure sponsored by a progressive industry. 

There is no genetic difficulty in maldng a new breed. Such problems 
as there are arise from promoting it. Sometimes it is an advantage to 
have a recognisable typo as, for instance, in polled versions of homed 
breeds or crossbreeds, especially if recognition by Government inspec- 
tors is required, as it is in Britain. The official commending of coloiu*- 
marked cattle helped the Hereford and Angus hreods. A now breed with 
a dominant trait would have a corresponding advantage by advortLsing 
its use in crossbreds os well as pmobreds. IVlioro, however, it is desirable 
from the promoter’s point of view to limit multiplication of his breed 
to his o\vn stock, a recessive colouration is prcfcrahlo since it would 
disappear in at least some crossbreds. These olomcntary considerations 
are no longer of interest in tlio liighly integrated poultry indiLstry hut 
they are still important in cattle and sheep breeding. 

New breeds liavo been justified on at least tv o grmmds. Firstly, there 
may bo economic and cnviroimicntal niches to which existing breeds or 
crossbreeds are not well adapted, or could not easily nnd quickly bo 
adapted. Numerous creations of tliis kind have been successful, includ- 
ing the Bacombo iiig, Corricdalo sheep, nnd Santa Gertnidis cattle. 
Although extreme examples might bo convincing, objective asscssmont 
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of the case for a new breed as an alternative to improving an existing 
one is usually impossible. ^ 

Secondly, some useful genes may, for practical purposes, be absenr 
from one breed and become available only by starting a neu^ br^d on 
a crossbred foundation, as has been done several times m order to 
produce polled varieties of cattle. Sheep suitable for year-round brew- 
ing might he best designed ivitb one of the recognised breeds of extended 
breeding season as a component. Xo one knows, however, how muc 
genetic variation there would be in standard breeds if they were 
the chance to show it, nor, therefore, how easily they would be modified 
by selection. How much more or less effective selection within an 
ing breed would be than selection in a new breed of crossbred ori^ is 
usually a rather acadenuc question. The real reason for the making of 
new breeds is that it Is difficult to attain effective selection within an 
existing breed. There arc several explanations for this. In some countries 
breed structure may be too ill-defined to serve as a basis for a concerted 
effort. In others, the restrictive practices of breed associations which 
are thought to bo essential to survival preclude too much enterprise 
among members. One type is made official and any other is frowned 
upon. AVhat perhaps should cause anxiety is that breed associations 
might loam the risks attached to forcing progressives to set up rival 
associations, and may smother them with kindness within the family* 
In genetic terms, the rate of improvement may be greater if sought in 
inter-breed rivalry than in intra-breed orthodoxy. 

Although many experts in the past have been willing to announce 
beforehand whether or not a new breed or sub-breed will be economic- 
ally desirable, necessar}’, or yiotentially useful, there is, in reality, no 
wa}’ of knowing. Since impartial and comprehensive evaluations of 
^\ho^e breeds are not available, none of the existing, let alone new ones, 
can be classed as nccessarj' or unnecessary. In brief, the value of a breed 
lies in the minds and ambitions of the owners. Xo conditions for success 
or failure can bo laid down but several with a bearinn- nti thn outcome of 
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which still requires genetic diversity and selection for consequent 
change. Animals, whether wild or domestic, which have ceased to 
evolve have as a rule begun the downward path to extinction. Darwin 
came to this conclusion a century ago and there seems to he no reason 
at present to come to any other for domestic animals. 


V. Unorthodox Food Sources 

Pirie (in Royal Statistical Society, 1963) suggests that some species of 
plants and animals not now utilised to a great extent in human nutrition 
could be exploited for that purpose. Such species must be acceptable as 
foodstuffs and must not compete for energy sources with man or with 
current links in man’s food chain. More extensive use of horse and dog 
meat could be encouraged in the West, but because of the kin d of food 
these animals require they cannot make much of a contribution to the 
solution of the problem. There might be some judicious harvesting of 
wild animals (Ovington, 1963). Granted that venison, grouse, prong- 
horns and many other species are now being cropped, there is still a 
great number of relatively unexplored possibih’ties. For instance in an 
economic study carried out on an Afncan ranch (Dasmann, 1964), it is 
claimed that on a given area, presumably capable of producing an 
annual yield of 94,500 lb of beef were it devoted to this purpose, 1 18,300 
lb of game meat might be obtained by providing a little protection from 
predators and some careful culling. Other suggestions for harvesting 
wild animals are shown in Table 2.8. 

Game ranching seems to have something in common with sea fishing. 
But os yet it has neither the capital investment nor the skilled labour. 
It has also to learn how to live with migrations, epizootics, droughts, 
fires and predators. As Dasmann (ioc. cit.) puts it, the argument for 
game ranching in Africa, as in the United States, is that it is a means 
towards conserving tho farma. Well established wild populations, like 
domestic ones, con tolerate and oven benefit by periodic reduction of 
numbers and if, in tho process of conservation, some financial rotxum 
through shooting licences or sales of meat is to bo had, so much tho 
better. 
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Toxas for raising on marginal land unsuitnblo for cattlo ^ 

nr^Wy noSfrom th! truth to say that tho ratio 0 ^ .0 num W 
SoLs of animals used as a source of food to tho 
i^eoios is not more than ono to three or four thousand, and tlus ign 
tho relatively unused potential of sea fanning. 


TABLE 2.8 

Yields of wild and domestic animals (from ririo in Boyal Statistical 
Society, 1903) 


Tjtw of 
land 

llcasuro of yield 

Domestic 

animals 

t\*nd 

animals 

Range 

Savannah 

Budiland 

Chernozem 

Depleted 

land 

Kg live wolght/animal/day 

Kg hvo i\ eight maintaincd/liectaro 
Kg live weight mamtained/lioctaro 
jtnimab/milo* 

Kg Ine woight/liectaro 

0-14 

20-28 

3-7-13'5 

34 

16-5 

(further 

O-IO-O 24 

157 

52*5 

134 

31 

(recovers') 


depletion) 


As Reed (1959) and Zeuner (1903) explain, tho origins of domesticate 
?^niT na-lH are remote and exceedingly vague. Tlio behaviour pattci^ o 
man having changed in tho meantime, the study of domestic animalB 
today is a most uncertain approach to tho circumstances in vlucn 
domestication was brought about. Some arts, now httlo cultivated, hut 
based on imprinting or other facets of animal psychology may have been 
practised widely in the distant past. Domestication is not likely to have 
been of a once-for-all nature and modem ethology may help to mark 
the end of the second millennium a.d. as a notable era in this process. 

In addition to harvestmg what may be called sea-crops in tho form of 
protista, crustaceans, fish and mammals (extensively documented m 
Ovington, 1963), intensive artifidal culture of fish has recently com© 
into prominence in Europe, Asia and Africa (Hickling, 1962). There 
seem to be exceedingly fiiiitful potentialities in replacing haphazard 
fi shin g methods by stock-rairing in ponds of a great variety of species 
of fish, either directly edible by man or usable as a protein source for 
conversion into beef or poultry meat. The food chain in the latter case, 
although relatively long, would not involve competition between man 
and livestock. Indeed, mtensive attempts to establish efficient selection 
schemes for improvement in yield and quality are already under way 
(see WohlfarthcfflZ,, 1965). 
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Although the food reserves in the salt seas seem comforting, it is well 
to remember the potential difficulties in using them. Apart from 
technical problems, including management of hatcheries, use of ferti- 
lizers, and control of predators and competitors, that are as yet un- 
solved, there is the prospect of international rivalries of the land that 
make the futiire of whales look bleak. 

With land animals, it may be a question as to how appetising 
zebras, steenbocks, kudus, impalas or other similar species would be to 
urban populations. Indeed, the human palate, at least in short-range 
terms, may prove to be a severe limiting factor in utilising other 
imtapped animal resomces. People tend to choose foods rather than 
nutrients and their choice is conditioned by racial and other prejudices, 
rearing, religion, and magic as well as by availability and attractiveness 
(Campbell and Cuthbertson in Cuthbertson, 1963). It is not impossible 
to influence the diets of those who habitually suffer qualitative de- 
ficiencies but it will often be a long task. Pirie (1962) has emphasised 
this point after presenting a long catalogue of such potential contri- 
butors to the dining table as the capybara, the kangaroo, the hippo- 
potamus and other aquatic mammals, the guinea fowl, various reptiles 
and amphibia, fresh water and marine fish not currently used on a 
sufficient scale, and invertebrates including snails, locusts and larvae of 
various insects. It should also be noted that these and many sources of 
vegetable protein such as Pine’s (1958) leaf o.vtract, that are for the 
time being unacceptable to man, could still find utilisation in livestock 
feeding. 

Welcome as now somces of food from land animals would be, there is 
no apparent prospect that any of them could relieve much of the world’s 
needs of animal protein. It is necessary therefore to consider what can 
bo done to raise production from existing livestock industries. Much 
effort is properlj' being applied to questions of health, nutrition, and 
food preservation. In this hook, however, discussion is limited to matters 
arising primarily from the genetic aspects of animal production. 
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The foimdations of modem genetic theory were laid by Mendel in 1865. 
He was successful because he chose for experimental breeding, probably 
on the basis of a priori deduction, contrasting characters that were 
simple, easily recognised, and, in modem terms, very highly heritable. 
He suggested that his pairs of alternative characters were essentially 
controlled by corresponding pairs of “factors’* in the parents, and that 
in the production of a fertilised egg one of each pair of factors was 
contributed by each parent. Subsequently, his factors became known 
as genes, and their physical nature and mode of transmission of genetic 
information from ancestors to descendants established. Particulate 
theories of heredity were not new, but this one, involving pairs of 
alternative factors, explained the regularities of inheritance which 
Slendel observed. These regularities are now enshrined in Mendel’s laws. 
Their existence has provided a mathematical basis for predicting 
results of matings and for testing the laws in a great variety of animals 
and plants under all manner of conditions. Diuing the past century no 
multicellular animal or plant has been found to ignore them entirely. 
Abundant exceptions, deviations and complex combinations of thorn 
have, however, been found. 

After investigating what at first appeared to he failures of the laws, 
geneticists have modified and extended them. A body of genetic theory 
is thoreforo now available wliich, although by no means explaining 
everytliing, does remove much of the mystery from animal breeding 
and provides a far bettor foundation for action than was formerly 
available. 

Population genetics is a logical development from these basic 
principles of inhoritanco and variation. It attempts to describe in 
algebraic terms the results of transmission of genes from generation to 
generation and to predict tho behaviour of future generations in enor- 
mously more intricate situations than Ihoso considered by Mendel. 
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Whereas Mendel worked nearly entirely with a few genes with clear-out 
effects, the population geneticist often extends his studies to genes the 
individual effects of "which are often too small to bo discerned. With t e 
aid of computers and appropriate algebra, he can work out tho con- 
sequences of his hypotheses and test them on largo populations whether 
real or simulated. Portunately, much of tho research that produced tho 
theory behind population genetics originated from livestock data and, 
consequently, there is no dearth of evidence that the theory goes far to 
accoimt for the variation in populations of animals. 

During its history, genetic theory has Imd to accommodate new facts 
as they were revealed. This process has not ended. In most characters 
of livestock that are of high economic importance there is always a 
large part of the variation which is not attributable to any specific 
genetic or environmental cause and this part is vaguely called environ- 
mental variance. When tho hcritability of milk yield is stated to be 
25%, it is implied that variance of non-genetic origin (or genetically 
non-additive) is 76% of the total. Some of this, as twin research shows, 
is attributable to season of calving, inacemaoy of observation and other 
specific factors, but much is still unaccounted for. It is eminently 
possible, therefore, that this fraction could be found to contain vari- 
ability among cows duo to the interaction between heredity and 
environment, that is, due to a varying response to var3dng challenges 
from pathogens, mineral deficiencies and other unrecorded items of the 
environment It is possible (but not yet demonstrated) that breeders 
of cattle might occasionally recognise some such interaction and, by 
acting accordingly, attain, better results in a particular herd than would 
the approximations of genetic theory. Better results will also be due 
sometimes to chance. 


Under most practical circumstances there is no incompatibility 
between efforts to exploit genetic variation by selective breeding and 
efforts to remove some of the environmental variation. It is sometimes 
urged that because tho latter is for many important characters rela- 
tively large, attempts to ebminato it would offer better prospects of 
improvement than selective breeding. Certainly, if performance can bo 
economically improved by altermg some aspects of management, it 
wou e inte igent to do so, although not necessarily intelligent to 
ignore heredity at the same time Unfortunately, the causes of environ- 
mental vanation are often unknown and therefore not easily removed, 
borne are known (for example, age or season) but cannot be cbminatod. 
iw 7.% environment accounts for 

of the vanation in lactation yield. At present, there is 
remarkably little that practical breeders can do about it. This state of 
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affairs, no doubt, will gradually yield to research and, as it does, the 
heritability of milk yield will rise and with it the efficacy of selective 
breeding. 

Twin research with cattle has already shown how this may come 
about. The extraordinary similarity of identical twins, not only in 
colour and form but in growth rate and milk production, turns out to 
be due not only to their genetic identity but also in part to the reduced 
range of environments that most twin experiments afford (Donald, 
1959). Because twins are housed together and fed alike, all the physical 
and other external variables on a farm which a given pair experiences, 
provide only a limited sample of possible environments. Not all charac- 
ters are equally affected by this uniformity of experience. As might be 
expected, live weights at IS months of age, which sum up the preceding 
nutritional experiences of a pair of twins, are more influenced by 
season of birth, plane of nutrition and juvenile diseases than are the 
numbers of services for successful conceptions just at that age. Experi- 
mental control thus achieves more for the former than for the latter. 


I« The Genetic Basis of Animal Breeding 

It may be appropriate at tlus point to examine tbe major assertions and 
postulates of animal breeding theory upon which the genetic approach 
to animal improvement is based. Fundamentally, they are rooted, as 
has been stated, in Mendelism, as extended (with a few exceptions of 
straight-forward traits controlled by single genes) to polygenically 
Thft following aooonnt is somi-toolmioal and is 
not essential for many of the subsequent chapters. Headers who wish 
more information on the subject are referred to several boolcs available 
in English including those by Lush (1945), Mather (1949), Li (1955), 
Lemcr (1958) and Falconer (1960). Those whoso interest in the technical 
aspects of genetics is limited, and those intimidated by the specialised 
vocabulary should omit the remainder of this chapter. 

Perhaps the first few of the basic formulations to be presented are by 
now commonplace, and will bo taken for granted by most readers 
acquainted with genetics. Nevertheless, it may bo well to devote some 
space to them, since subsequent statements, which may not bo as 
generally accepted, are extensions of them. 

To start with, it must be said that non-Mondolian inheritance, such 
as that based on tlio transmission of cytoplasmic particles, has so far 
not been shown to have much significance in animal improvement. 
Althoxigh evidence on possible cytoplasmic offects have been reported 
for domestic animals (o.g. by Allen, 1902, for cliickens), it appeam to bo 



60 MODEEN DETELOPSIESTS IK AKDIAL BREEDING 

ot a tenuous Mud. This is not to say that differences between reoiprotol 
crosses due to maternal effects are of no importance, nor is it to oe y 
the role non-genic (cf. Sonnehom, 1964) or non-chromosomal matena 

called hy the 

school vegetative hybridisation of animals seems to be neeae . ^ 
voluminous literature has accumulated -which attempts to . 

case for the possibility of transforming hereditary endowment ol a - 
mals by such techniques as blood transfusions or by exposure to iorei^ 
genic material (DNA). But the results of the best controlled expenmen ^ 
on the subject (Buschinelli, 1961; Burger, Shofiher and Boberts, 

Kosin and Kato, 1963; Bdlctt, Hanulton and Newtb, 1964) were com- 
pletely negative. Yoon (1904) attributes the failure of the expenments 
in which DBA was used for the attempted transformation to the low 
rate of its incorporation into recipient cells. Since in bis tests on mice, 
the injections were not only of homologous material, but also 
gonadal rather than intra-peritoncal, as in some allegedly successful 
transformations, the interpretation of the latter has to bo made even 
more cautiously. The most that can be said of the positive evidence 
presented in publications emerging from other than Eastern Europe 
(those by Benoit, LeRoy, Vendrely, 1958; LeRoy, 1062; and Stronn 
el al.f 1903), is that indications 8i:^gcsting tho utflity of incorporating 
these techniques are not ready for use in improving livestock. 

Before proceeding with a more formal exposition of the accepted 
principles of animal inheritance, a reference to the recent developments 
in genetics, deriving largely from work with lower organisms, is called 
for. The units of varioxis kinds of genetic fxmetion, such as cistrons, 
mutons, rerons, or the more recently suggested polarons, as well as the 
concepts of modulators, of operator, regulator and structural genes and 
controlling elements in general, the relationship between hormones 
and genes, the phenomena of position effect, paramutation and gene 
conversion, vluch arc being built as a superstructure on simple Men- 
delixan theory (see e g. Stent, 1963, Herskowitz, 1965, and other modern 
textbooks of genetics) are of undoubted great significance in under- 
standing the working of the hereditary apparatus. It is true that an- 
alogies between these mechanisnw in bacteria and in higher organisms 
(c.g. control of haemoglobin structure in man) have been proposed, 
but these aspects of the newer genetics have not yet made an impact on 
the breedmg of domestic animals. Tiiere is a need to undertake and 
expand genetic studies of chromosome aberration-s, so actively pursued 
in man, and of cell activities on a molecular level in economic animals; 
for the present, however, the postulates underljdng genetic improve- 
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indicato tliat linkage disequilibrium can have sigmficant effects on 
selection results. . , , 

5. All 'phenotypic differences between individuals are determined y 
genetic factors resident in the chromosomes and by environ^na 
factors resident outside of the chromosomes themselves, as well ^ ^ 
interactions between the two types of determinants. Under t ^ 
definition cytoplasmic and maternal effects would bo classifie 
the environmental portion of variability. The interactions may 
arise between genotype and location, and between genotype 
year or generation. Individuals or inbred lines tested for periW" 
mance at one station may rank differently at another or at the 
same location at different times. The switching may ho due to 
variation in climate or other external environment or to variations 
in the internal environment of the animals themselves (for instance, 
immunological reactions to subclinical diseases and infections). ^ 

6. Genotypic variance is divisible into additive and non~additii'^ 
portions. The first of these consists of variability contributed by 
additive effects of genes. This is tho portion which will contribute 
directly to selection progress. The second type of variability w 
produced by interaction between genes. Interaction between 
alleles, that is, dominance effects, may fall into one or the other 
category depending on gene frequency. Effects of over-dominance 
and interactions between genes at different loci which may ho 
grouped under the general heading of epistasis are non-additive. 
This postulate is of considerable significance in selection theoryi 
since prediction of advances under selection depends on Mendelian 
algebra addressed to tho additive variability. 

7. Environmental variance is divisible into a portion common to the 
whole population under observation and a portion which may be 
common to some members but not to all members of the population. 
A simple example is the maternal effect which offspring of tho same 
dam share hut which docs not contribute to the similarity between 
lialf-sibs by the same sire. Another example is a byre or herd effect, 
present when the offspring of a ^ven sire are housed or maintained 
together and thus become phenotypically more to each 

other than they would be from strictly genetic considerations, 

8. The mean aMitivdy genetic value of a population depends on gene 
frequency. This is simply to say that if differences between genes at 
a ^vea locus are translated into phenotypic effects, what may bo 
caUed the e:^ected average merit of the population is merely the 
average of tho sums of such individual effects of all genes over all 
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9. The non-additive genetic value of the population depends {fn 
addition to gene frequency) on the breeding structure of the population. 
The diploid combinations of various genes determine the genetie 
endowment of the individual hut not necessarily the genetic 
endowment of its offspring. Under inbreeding it is possible that 
more diploids of one particular genotype are present in a population 
than would be expected to occur in random mating. Simiiarly, 
under ont-crossing certain other diploid combinations may be 
foimd at a non-random frequency. The distinction between the 
additive and non-additive genotypic value of a popidation is of 
fundamental importance in projecting the effects of different kinds 
of selection. Indeed, it is this distinction that makes those 
systems of improvement based on heterosis and those based on 
ordinary additive gene action so different from each other. 

10. A randomly mated large population will in the absence of dis- 
turbing pressures maintain constant gene frequencies. This is the so- 
called Hardy-Weinberg equilibrium discovered in 1908 or earlier. 
The process of improvement calls for increasing the frequencies of 
genes deemed desfrable, and, hence, for applying pressures 
disturbing the equilibrium. 

11. The significant changes in gene frequencies of domestic popu- 
lations depend on three types of processes: systematic, random and 
unique. Since change in gene frequency is the most important 
contributing factor to the improvement of populations at least at 
present, this postulate needs somewhat more extended discussion 
than the others. A comprehensive analysis of the forces entering 
these processes is given by Wright (1955). Here, factors of signifi- 
cance in domestic rather than natural populations are emphasised. 
Thus, although in the latter, recurrent mutation is of considerable 
import, the relatively short-term aspect of domestic breeding 
populations makes this systematic process only of retrospective 
significance. Detrimental or deleterious genes may bo present in 
any given population because of recurrent mutation in the post, 
but in the course of existence of a flock and herd the newly appear- 
ing recurrent ones can play only a small role. In other words, the 
significance of reciurent mutation in animal improvement relates to 
the olimumtion of undesirable mutant genes that Imvo previously 
arisen and to propagation of advantageous ones. But this, of course, 
is the process of selection. Hence, one may say that among the 
systematic processes selection is the most important force oporatmg 
on gone frequency and hence in the improvement of additivciy 
genotio traits. 
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Eecurrcnt immigration ^^luch may involve cross-brcecUng is 
anotlicr systematic process relevant to tlio improvement of domes- 
tic animals. The introduction of now genes and incrca.sea m 
frequencies of genes already present can be obtained by this metno 
Classified under random processes aro various fluctuations in geno 
frequency and, in particular, those duo to accidents of wmplmg. 
Since changes in gene frequency depend on selection or introdim- 
tion of diploid individuals (even if it is done in tlio form of import- 
ing sperm or by using artificial insemination) there arc samplmg 
variations in both selection and migration. Their magnitude maj 
he practicable from knowledge of the population size but their 
direction caimot he predicted for any particular ease. It is clear 
that the importance of such random processes increases as 
population size decreases. In one-sire herds, for instance, the effect 
of chance would bo much greater Ilian in a population utilising ^ 
hundred or more sires. 

Tho oxtremo form of tliis effect may bo, in a sense, a miiquo event. 
Accidental fixation of an allclo may possibly occur if tho breeding 
population is small. In tho formation of tho early breeds tho 
initial geno pool v as a restricted one, so tliat tlio genetic variability 
was severely circumscribed. This situation is very much akin to the 
evolutionary founder principle of Jlayr (1957) who describes it in 
tho following words (for “colony” read “breed”): “Tho founders 
of a new colony of a species contain inevitably only a small 
fraction of the total variation of the parental species. . • . All sub- 
sequent evolution will proceed from this original endomnent. How 
important this restriction is, is evident from recent selection 
experiments in which several lines were exposed to tho same 
selection pressure. Almost mvariably the end results different 
in tho different lines.” Of other possible unique events, tho origin 
of a mutation novel to tho breed, such as double muscle, or the 
chance selection of an exceedingly good sire at one end of tho 
frequency distribution of genotypes or, yet again, an epizootic 
which would suddenly reduce the breeding size of tho population, 
may be mentioned. 

One more category of modes of change of gene frequency has 
been considered by Wright. It includes changes in the system of 
coefficients determining the magnitude of the other processes, 
flanges which occur because tho gene pool of the population has 
een undergoing a transformation or because the en^droament 23 
no longer the same. In an artificial selection programme it is un- 
hkely that these modes need to be considered independently of the 
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factors already discussed. However, one point must be stressed 
here and that is that natural selection continues to produce effects 
even in domestic environments where populations are subjected 
to artificial and directed forms of selection. In some instances, 
natural and artificial selection may work hand in hand, as perhaps, 
is the case "with viability. In others, they may be antagonistic 
because of genetic homoeostasis (see postulate 16) as in an experi- 
ment on selection for long shanks in chickens (Lemer and Demp- 
ster, 1951). In general, it must be realised that, while natural 
selection can occur without artificial selection in the wild, the 
laboratory or the farm, the reverse is not true: probably all 
artificial selection (that is, selection imposed on a population by 
man for whatever purposes) is accompanied by natmal selection, 
which is purposeless and is merely a process involving differential 
reproductive ability of animals with unlike genotypes (see dis- 
cussion by Lemer, 1958, 1959). 

12. Etterosia may result when the chromosome complements coniri- 
huted by each parent derive from populations of different origin. It 
does not matter whether heterosis is due to single locus over- 
dominance, to combined dominance at many loci, or to other 
reasons. Prom the standpoint of the application of hybrid vigour 
in animal improvement, the details may differ depending on which 
one of the explanations for heterosis is correct, but the general 
principle of producing heterosis by combining gametes of mdike 
origin is still valid. 

13. Iii6rccdiu^ dcpctids on an i^icreosed proportiott of 

homozygous individuals in the population, which is the result of 
severe redtiction in effective population size. Neither the particular 
basis for heterosis nor a priori specification of the characters which 
will display inbreeding degeneration is included in this formulation. 
However, speculations on the relations between reproductive traits 
nT>H characters which are apt to show the greatest effects of in- 
breeding have been made on an empirical basis among others by 
Robertson (1955) and Lemer (1958). Piuther reference to this 
subject is to bo found in the last section of this cliapter. 

14. Fhenolypic correlations beineen different traits arc the result of 
combination of genetic and environmental correlations. Genetic cor- 
relations may arise from pleiotropic action of genes, Irom linkage, 
or because of common introduction of the genes involved into the 
population. Environmental correlations are a result of tho fact 
tliat tuo or more traits develop in tho same animal and aro thus 
exposed to tho same environment. This postulate or proposition is 
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of utmost importance because the theory of index selection, one of 
tho liigWy significant conlributioiia of population genetics to amnia 
improvement (discussed in Chapter 4), is founded on it. 

16. As a result of sehetion for one character, correlated responses tn 
others occur. Empirically, this fact was y^oW Imoivu to Darwin but 
its genetic basis arises from tho theory of genetic correlation sub- 
sumed in tho previous paragraph. Of a special importance m 
breeding improvement aro tho correlated responses in reproductive 
characters which often seem to occur after prolonged selection. 
Their basis has been discussed, among others, by Slather 
(1943) and Lemer (1958), and will also bo considered in tho next 


chapter. 

As a corollary to this and tho previous postulate, it follows that 
secular changes in tho values of genetic correlations ivill occur 
under selection. In other words, traits which may not have been 
originally correlated may become correlated (particularly in 
negative way) as a result of selection for one or both of them* 
Tho practical consequence of this situation, is tliat tho parameters 
which liavo to bo used in constructing a selection index aro subject 
to change whenever genetic correlations appear or change in value 
(see tho section on selection indexes in Cliaptcr 4). In generah 
whatever deficiencies in practice result from tho application of 
propositions 14 and 16 must bo laid at tho door of doficioncics in 
knowledge rather than in their erroneous nature. It has been 
repeatedly stressed by proponents of population genetics that more 
precision in determining tho various parameters is required. This 
precision clearly depends not on matters of principlo but on obtain- 
ing additional information. 

16. Individxial genotypes resulting from prolonged selection show a 
considerable degree of genetic balance. Further selection in some 
specific direction, not for total fitness but for traits which may bo 
useful only to man rather than to tho animal itself, may lead to 
deterioration in reproductivo ];>erformanco with a consequent 
antagonistic action of natural against artificial selection. Suspen- 
sion of selection under these circumstances may bo expected to 
result in a full or partial return of tho selected character to an 
unimprov^ level and in restoration of reproductive fitness, pro- 
vided the inbreeding has not been too intensive. Lemer (1954 and 
1958), and Robertson (1956) have discussed tho various aspects of 
this phenomenon of genetic homoeostasis as well as conditions 
^der which It may occur. It should be noted that the empirical 
facts regarding the regression of characters displaying genetic 
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homoeostasis are independent of any particular theory or hypo- 
thesis (such as heterozygous superiority suggested by Lenier, 
1964). Furthermore, it camiot he predicted on a priori grounds 
which characters will exhibit tliis behaviour unless their relation 
to reproductive fitness is ImoAvn. There are examples of highly 
additive characters which as expected do not show it, but there are 
also experiments on record in such traits as egg number which, by 
the time selection becomes ineffective, is very likely based on 
largely non-additive gene action and regresses relatively little (see 
the section on selection in poultry). 

These sixteen propositions can be put in a still more general form. 
They can be condensed into four broad contributions of genetics to the 
teclmiques of animal improvement: 

1. the mathematical model of Mendcliau inlreritance, 

2. prediction of selection gains, 

3. heterosis, 

4. balance and co-adaptation. 

II. Genetics and Improvement 

The mathematical model of Mcndolian inheritance o.xtondcd to poly- 
genic characters, and tho partitioning of total phenotypic variability 
into its variom genetic and environmental fractions are still tho bases of 
selection in closed or in partially isolated populations. Tliis is true, oven 
though somo specific problems have not been completely solved. Optimal 
or minimal effective population size, for instance, or optimum selection 
mtonsity which may depend on whether a short term or long term 
outlook is considered, need more study. 

Tho theory of prediction of selection gains and hence tho possibility 
of o priori comparison of difibrout breeding systems has been uorked 
out. In many w ays tlus still has considerable wealmesscs, largely be- 
cause of tho micertainty about many parameters and tho assumptions 
that Iravo to bo made. Indeed, perhaps tho biggest problem tliat 
tocluiologists of animal breeding have to face is tliat of finding signals 
uliich uould indicato that a boleotion mothod lias reached tho point of 
diminishing returns or at u liich it is no longer as efficient as somo other 
method. Because of tho fact that a good many traits much subiect to 
non-additive gene olfects have also liigh environmeutal variability, 
progress in any given population is not ca^y to check and tho nppro.ioh 
of a trait to a plateau is not immediately detectable. 

There is now an appreciation of tho economic pos-dbilitics of heterosis 
and tho associated iilca of selecting for combining ability, that is to say, 



58 


MODERN DEVELOPMENTS 


IN ANIMAL BREEDING 

for a Mgli performance of crosses between recently 

of the most spectacular transformation winch has ^.^ent 

in animal breeding has been the spread of this system of P 
in poultry breeding. But it is predictable tlmt that 

indefinitely, for the balance sheet of genetic vanabih y 
gains are achieved at the cost of reduemg variance. mca 
whatever system is used (and the more efficient the ^ , yjj ^fuch 
the quicker this ivill happen), sooner or later genetic 
responds to this particular system wiU approach exhaustion, “ 
new variants or alternation between the kuo^vn systems 
and mating wUl have to be resorted to. Indeed, tins ^ a 
sequence of the fourth and final contribution of population ^ 

that is the development of the eoncept of balance and co-adap 
iicndelian populations. Essentially, this idea refers to rpffres- 

an adapted population to change and, in some instances, to e b 
sion of gains under suspension of selection. One of the forms in whic 
phenomenon expresses itself is the reduction in reproductive cap 
following intensive selection for some useful traits. For ^ 

great increase in the body size of turkeys has been accompamed y 
serious drop in fertility. . . a. the 

At the moment, the immediate future developments arising 
principles that have been discussed call for research along several Im • 
As part of the operational research to be carried out by industry, 
precise informatiou on various parameters entering decision 
in animal breeding is required. As part of the operational research y 
academic institutions, removal of various restrictions on the gene 
model must be studied. ^Vhat is called the ilonte Carlo type of investig^ 
tions of the consequences of selection and mating systems (metn 
which involve computer-based theoretical investigations of the km 
of outcome to be expected from any system in terms of probabiliu^/ 
may bo suggested. In the same area of research, clarification and valiuA 
tion or discard of the various assumptions that have been discuss^ 
might also be listed. Finally, in terms of purely academic or basic 
research, all of these assumptions, as well as any new ones that may b® 
proposed, should be investigated not only in terms of statistics but also 
in the light of newer know’ledge in molecular biology and biochemicA 
genetics. It is not at all improbable that the newer concept of the geu® 
as a stretch of DNA coded for a protein may call for a drastic revision 
of mathematical genetics based on the so-called beanbag model of 
fifty 5 ears ago 

■Ilicro is no need to elaborate the points of difference between the 
foregoing approach to breeding and that which was common before 
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population genetics developed. Such notions as identity of genotype and 
phenotype, or, at a later stage, the notion that an identical pedigree 
implies an identical hereditaiy endowment, the confounding of genetic 
and environmental variation, the goal of producing single superior 
individuals rather than improving the average level of a population, 
the refusal to use as a parent an individual of unsatisfactory performance 
hut with high combining ability with another parent of equally un- 
satisfactory performance, are still prevalent among large animal 
breeders, and all are incompatible with the current concepts of popu- 
lation genetics. The question must, however, be asked whether or not 
the more modem ideas are an improvement on the old ones. A number 
of experiments have addressed themselves to this problem. lilost of 
these have been carried out on laboratory animals in pilot experiments, 
largely because of the length of time and the high cost which experi- 
ments on economic traits would require. But some indications are 
available •with respect, firstly, to the validity of the general ideas of 
polygenic inheritance based on the ilendeliau scheme and, secondly, 
regarding more specific agreement or lack of it with prediction on the 
basis of the propositions that have been listed earhor. The literature 
on the subject is exceedingly large and it would serve little purpose to 
attempt a full discussion of it here. 

With regard to laboratory animals the reader may bo referred to the 
reviews by Chapman (in Hodgson, 1961) and ICojima and Kellehor (in 
Hanson and Robinson, 19G3), who have considered Drosophila^ Tri- 
boUumj mice and other laboratory animals that have been used for 
experiments on selection and the general principles xmdcrl 3 dng such 
studies. In general, what emerges from the results is that, whereas in 
many cases prediction of exact gains from a theoretical consideration 
of the methods followed departs considerably from the actual results, 
the selection methods whether tliey bo individual, family or for com- 
bining ability, aro appropriate where theory so indicates. But, generally 
speaking, for short terms, tliat is to say, several generations, the 
realised results of given mating and selection practices do not seem to 
vary greatly from what is theoretically expected. Furthermore, a good 
many of the possible reasons for discrepancy between o-xpcctation and 
actual results have bccomo evident as a result of such experiments and 
are being further checked. Opinions dissenting from tliis generalisation 
(o.g. Sheldon, 1903) should, noverthelcss, bo noted. 


III. Vcrincation of Selection Results 
In larger animals this problem is more comi)Iex. Tlio i.>x>uo whether or 
not there is adequate evidence Unit genetic i»rijiciplcs work in li\ eatock 
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or poultry has been often raised. It Im proved 

precise and useful information on this pomt. Indeed, it is J' J 

matter to discriminate between the great vanety of exp 

may bo advanced for changes in performance observed over a pen 

^'Terhaps the best that can be done is to consider each 
after generalisations as to tbo effectiveness of 

systems have been reached. Thus, if it can be establisbe « is 

respect to. say, Utter size in mice, a particular system of 
entbely inadequate, it might be concluded that for pigs o 
system is not likely to have been responsible for whatever i®® 
occurred in tbo course of its use. Such an attitude may not sati^^ 
everybody. It does point strongly to tho necessity of continued expe 
mentation and of further accumulation of data on this matter m 
variety of species. Tho difficulty is that experiments which might 
to conclusivo results aro exceedingly elaborate, expensive and require 
a long timo with all hut very short lived animals. 

A number of considerations relevant to tests on genetic improvemen 
can bo set out -without oven mentionix^ staff, facilities, time and cos . 
In part, the discussion of this matter has been adapted from the 
review by Chapman (in Hodgson, 1961). However, his ideas have been 


expanded and somewhat modified in what is to follow. 

Tirstly, any experiment aiming at conclusive results must have 
adequate population size and a number of replications of whatever 
procedures are being tried out. In the past this has been a crucial defect 
in most work dealing mth larger animals. Indeed, it may be questioned 
whether tho expense and effort involved in meeting these requirements 
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comparable to tbat which the animals would eventually encounter in 
the field might have to be provided. There are so many intangibles even 
in a “constant” environment for larger animals (for instance, im- 
controUable variation in quality of food, day by day or year by year) 
that to meet this requirement fully is probably out of the question. 
Finally, the keeping of accurate individual pedigrees throughout the 
experiment is clearly necessary. 

Various kinds of information must be collected in order to have a 
chance of interpreting the results. At least ten may be mentioned 
irrespective of the character under selection. It must also be kept in 
mind that in most situations of interest to the animal breeder more than 
one character is used in selection. This fact introduces tremendous 
complications that make the recording of the necessary data very 
cmnhersome. 

1. The kind of selection used. That means determining the exact 
emphasis placed on the individual, the pedigree and family, bo they 
aibs or progeny, and also on the various aspects of performance. 

2. The niaiing system. The results will depend on whether the mating 
of selected animals is at random, whether like aro frequently 
mated with like, whether inbreeding, out-crossing or back-crossing 
to a superior individual is practised. There are some complications 
hero wth many largo animals in quantifying precisely what has 
been done. In pilot experiments with mice or fruit flies it is often 
possible to set up a rigid system of mating, such as mating only 
double first cousius. In such largo animals as cattle, however, this 
becomes very difficult because the correct mates may not bo 
always available when they are needed. 

3. The extent of inbreeding. This is normally possible to compute, 
at least in tlicory, from, the pedigrees and often from the nature of 
the mating system. The actual increase in homozygosity which is 
the really interesting information is usually not available. In 
Drosophila it is possible to approach the answer if suitable “trick” 
stocks aro used, but there is no immediate hope of utilising such 
methods in the larger domestic animals (see the section on trick 
breeding in Ghai)tor 4). 

4. The amount of sdeeXion aXtempted and realised. It is of vital 
importance to know how much selection pressure is being applied, 
that is to say, how superior the animals used for breeding are to the 
other animals of their o^vii generation. Tlicro are dificrent way’s in 
uhich this huperiority' may' bo expressed. It could bo sliouii on a 
plienoty’pic scale as the pcrforraauco of tlio individual aiiimaU 
selected relative to Uio averago of their generation. With 
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BDX-Iimitcd characters this cannot bo done 

scale based on progeny test or fanuly record liM account 

Sometimes a selection based on pedigree has ^ 
the superiority of the immediate ancestors. I" ‘'f“‘'°;“ary to 
Bpeciiieation of the amomit of selection applied, t J 

taoiv ivhether in fact tho attempt Ims “;“X-ith by ^ 
happen that the artificial P”/!' over- 

counter-pressuro of natural selection so that the ^ 
estimates the actual amount of selection applied. Ho 
the top 25% of his population for producing ‘ko nox g 
hut find that tho very best animals turn out to bo 
other circumstances ho may prove to have been too p 
■Wherever possible, it is important to fiml out tho reasons 
discrepancy. . . , . 

5. The degree of heritabilitij and ihe changes tn tl duri7ig 
This implies some prior Imowledgo of tho genetics of t o 
involved. Indirect ways of estimating or making first 
tions for hcritability aro usually possible without olau 
ejq^crimontation. K no such previous information is availablo, 
irind of data discussed hero should bo able to provido it. ^ ^ 

0. The extent of non-additive genetic variation. In addition 
additive genetic variation, measured by tho degree of heritabUi y 
m its narrow sense, which is also an index of how effective in* 
selection can he, there is in most cliaractcrs genetically deten^* 
variation which is non-additive and does not respond to ordinay 
mass selection. Estimation of this type of variability is not a simp 
matter since it involves a number of theoretical assumptions * 
requires large numbers of individuals. However, first approxima 
tions can undoubtedly be made in some uistances. 

7. Perforrmnee. Knowledge not only of the average performance 
and variability of each generation or cohort is required, but ais 
of the performance of contemporary controls. Sometimes tn 
control takes the shape of selection in an opposite direction but to 
a number of reasons unselectcd controls are to be preferred (sc® 
section on control lines in Chapter 8). Tho extent of operation ot 
natural selection on it should be xeported. 

8. Degree and hind of correlaied responses. As already noted, 
selection for almost any character carries in its wake changes m 
other traits Linkage or pleiotropy are perhaps the most common 
causes for such correlated effects. Clearly, the success and efBciency 
of breeding improvement in one character must bo evaluated i* 
terms not only of changes in that trait itself but also in terms of 
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possible changes in other traits. Since in many tests of selection, 
correlated responses adversely affecting reproductive characters 
have been observed, it is particularly important to provide records 
of the various components of reproduction in both selected 
and control populations (see section on correlated responses m 
Chapter 4). 

9. Effects of suspending or reversing selection. Test populations 
initiated from the main population at different points in time 
after selection has been started, in order to determine whether the 
results of selection are permanent or whether the population tends 
to regress to its original level if selection is suspended, are necessary 
to obtain this information. It will be readily seen how much more 
complicated any experiment is made in terms of design, space and 
number of teat populations by this requirement. 

10. Results from crosses. Although this is, perhaps, of subsidiaiy 
interest, information on what happens when the various selected, 
suspended or reversed lines are crossed could be very helpful in 
interpreting the outcome of the rather comprehensive experiment 
to which all these desiderata refer. Crosses between replicate 
populations selected in a given direction may provide clues to the 
selection limits to be expected. 

It seems exceedingly unlikely tliat any experiment with larger 
animals that has been undertaken to date or that would bo practicable 
in the immediate future could possibly meet all of these requirements. 
Since experiments so meticulously and thoroughly carried out are not 
feasible, the inteipretation of those that have been made is beset by 
some difficulties and uncertainties. It becomes virtually impossible to 
make an absolutely conclusive claim regarding the efficiency of one or 
another selective procedure applied to useful properties of livestock and 
poultry. The best that can bo done is to make educated guesses and com- 
pare roughly the various systems that have been tried; for instance, 
mass selection for egg nmnber in cluckcns can bo rvitli reasonable assur- 
ance shown to bo less effective than selection on basis of family testing. 
Similarly, selection for increased butterfat production witliin dairy 
cattle breeds can bo assorted to have more elTect when it is carried out 
on the basis of yield and not of coat colour, but the finer shades of 
discrimiination among various selection methods are mifortmiatcly 
exceedingly difficidt to make. 

'There are still further complications m intorineting result.s of even 
the idealised experiment wliicli would meet the criteria so far dheu-ssed. 
The situation with rcsj)eot to linluigo of genes involvctl in determining 
the character under selection needs to bo knowTi. Is there iuiluigo 
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diBenuiUbrium? How many effcctivo tcgrcgating factors aro 
Mcndelian effects may bo imi>ortaiit in determining a given ® , r 

It is true that maternal influence can bo often estimated and 
in interpreting results, but tliis docs not necessarily api) y ® .. . 
pathogenic infections that may bo present, nor to incompa i , 
beUvccn parent and offspring unless information on this point is 
able from other sources. Further difficulties may arii>c ou o 
additive genetic variation, tho analysis of which it.self poses pro c 
In particular, tho scale of measurement wliicli is used to ® 

trait under selection may bo misleading. All in all, it should o c 
that unequivocal demonstrations of tho superiority of oiio or ano 
method of genetic improvement of largo animals arc milikel> to ^ 
obtained, especially if tho systems compared differ only a little m 
expected results. A system wlilch appears to bo tho most eflicien ^ 
one stage may not bo tho most ciScient at a later stage. Cousi c 
selection for annual egg record w luck is based only on early perfonnan^ 
A population in wliich such selection lias not been previously pra^i^ 
■will, in tho light of several experiments, respond to tliia method. Fu 
population in which additive genetic variance of tho early egg 
duction has been exhausted as a result of selection and, perhap3» 
inbreeding, will not respond. Indeed, there may also bo negative 
correlations generated betueen early and later performance so tba 
improvement in tho first trait will lead to a decrease in tho second, wit 
tho result tliat tho total annual egg record will show no change at a 


IV. Selection in Poultry 

Among tho useful domestic animals there is no doubt that poult^ 
have been the subject of tho greatest number of experimental investi' 
gallons relating to selection. Probably no economic aspect of tho 
chicken s life cycle has been neglected. But, unfortunately, especially 
in the early experiments, adcqiiato statistical analysis of tho procedur^ 
used and the results obtained has been lacking. Some selection expon- 
ments lasting dozens of generations aro on record, yet it is not possible 
to say from the data published (or for that matter from tho data 
avaUable) whether or not tho results completely conform with expecta- 
tions on tho basis of tho postulates of population genetics. This is true 
even of many simply devised experiments in which metric characters 
of high hentability were utilised. 

Perhaps tho two experimental flocks that have been subjected to 
most thorough statistical analysis have been tho Wliite Legborua 
selected for egg production at tho University of California and at 
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Purdue University. Full details regarding tlie first of these and a 
variety of analyses carried out have been reviewed by Lemer (1958) in 
a schematic form. Should more detailed data be desired, the original 
papers cited by Iiim should be consulted, as well as the article by 
Abplanalp (1962). The Purdue data were analysed by Yamada, Boliren, 
and Crittenden (1958) and in some other aspects by Boliren and 
McKean (1904). In the briefest possible form the results of both experi- 
ments may be summarised in the following fashion. 

Selection for increased egg production on the basis of family lecords 
appears to follow predictions based on selection differentials used in the 
early generations of a selection programme. After that, either a decrease 
or complete cessation of gains is observed in spite of the fact that 
selection differentials still remain high. The explanation for the change 
appears to lie in the exhaustion of the kind of genetic variability which 
is drawn upon by the particular methods of selection used. Relaxation 
or suspension of selection for egg number does not seem to result in a 
regression to the unimproved level (although, as is noted later, some 
drop occurs), but it does seem to be accompanied by correlated re- 
sponses (even though some selection for the characters thus responding 
is also involved) in such other traits of reproduction as number of 
female offspring produced per dam. It is also possible that selection 
based on part-performance eventually results in a decrease in the 
remaining part as has been observed in a long-term experiment by 
Morris (1963). Comparisons of breeding systems, differing for instance, 
in the use of pullets instead of hens, or in the application of such 
techniques as multiple shifts of cockerels, mdicate that results are in 
general accordance with those predicted from the general theory. Tliis 
conclusion is fomided partly on the data from the flocks mentioned 
here and partly results obtained in other populations (see, for instance, 
Dempster and Lemer, 1957). 

Another experiment with poultry also described by Lemer (1958) 
dealt -with mass selection for longer shanks. The origuial heritability 
of this trait appears to have been considerably higher than that of 
egg production and selection w'as extremely effective imtil a plateau 
was reached. Here, however, the plateau seemed to be due less to the 
exhaustion of genetic variability than to the opposition of natural 
selection to artificial selection. Apparently the balance of the mdiridual 
genotypes was destroyed by moving the shank lengtiis too far from the 
optimal level for this particular population. ^Vs a result, suspension of 
selection did indeed lead to an immediate regression in the selected 
trait while reproductive performance improved rapidly in spite of the 
fact tliat inbrecdhig w as continued at the same rate as in the selected line. 

3 
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A moio refined test of the adequacy of selection theory in improved 
flocks has been, described by Dickerson (1D62). His analysis sugges a 
that -when selection has been directed towards multiple objectives or 
a long time, gains that are expected on, the basis of population genetics 
theory fail to be realised. In every generation of selection oSspn^ 
from selected parents performed better than unselected controls, bu 
no accumulation of egg production gains was observed. 

Dickerson attributes the failure of improvement to continue to 
negative correlations between components of performance and to 
genotype-environment interaction which produce at least an operationa 
overdominance. In his opinion modification of the genetic theory tor 
populations that have already been improved is called for. 

Basically, the results described in all of these reports are in agreement 
with the previous conclusions derivable from Drosophila experiments 
(Clayton, Morris and Robertson, 1957; Cla3rton and Robertson, 
that while short-term selection gains are predictable from the simplin*^ 
theory, long-term ones are not. Furthermore, replicate populations 
started from a small number of individuals may produce substantially 
different results as has been noted in the discussion of the founder 
principle. Still, it should bo realised that oven short-term prognoses 
(o.g. twelve generations in the Drosophila experiments of Sen and 
Robertson, 1904) may refer to a period ranging from less than a docada 
to forty to fifty years depending on the species of domestic animal in 
question. 

To sum np, then, it may be said that the postulates described are, 
generally speaking, vaUd for unimproved populations of chickens, and, 
after the populations reach a certain improved level, they still may hold 
if the parameters involved have not been changed in the course of 
selection. The big prohlem in breeding practice is to discover indications 
of changes in the rate of selection progress early enough to modify tha 
breeding system. 


What has been said so far applies to selection in closed populations- 
The eTideace with reject to other breeding systems in poultry is 
Sww “r? ; “f breeders have put 

T™ a operational criteria 

are a gmdo, must have been successful, the published experimental 

exact 

rtiTy “ “ “ “f i^oeding for combining 


effect of rcEtto!ror”s^^rof’‘"f mention in this section is the 
Of the prohlem nere 
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the concept of homoeostatic strength, a parameter measuring the 
degree to which the mean of a selected population returns towards the 
original equilibrium. Experimental evidence in cliickens and a review 
of related literature is given by Nordskog and Giesbrecht (1964). 
Apparently, for rate of egg production, a decline of the order of 0‘75- 
2*25%, exclusive of inbreeding efFecte, may be expected per generation 
after suspension of selection. This corresponds to a loss of tliree to nine 
eggs per bird per year. With respect to egg weight, which is normally 
maintained by artificial selection at a level higher than that of the pomt 
of maximmn reproductive fitness (Lemer, 1951), the decline may be 
even more severe. Indeed, one of the important problems in poultry 
breeding practice is how to avoid having to sacrifice some selection 
pressure for egg number in order to maintain egg size. The moral is that 
selection for many traits, even after a plateau in performance has been 
reached, must be continued lest regression occurs. The thought from 
Alice Through the Looking Glass of running fast in order to stay in the 
same place involuntarily comes to mind. 


V. Evidence from Larger Animals 

For obvious reasons, the extensive material available to laboratory 
geneticists, to plant breeders and even to workers with poultry, has not 
been available to geneticists interested in the larger animals. The num- 
ber of controlled selection experiments on hvestock conducted on a 
sufiaciently large scale to permit accmate comparison of the results 
obtained and the results expected is very small. As a rule, other types 
of data must then be relied upon to demonstrate that there are no 
special forms of inheritance peculiar to livestock and that the main 
tenets of genetic theory derived from other organisms are equally 
applicable to cattle, pigs and sheep. 

Slost selection experiments with these animals suffer from a variety 
of complications (lack of controls, concurrent close inbreeding, small 
numbeTs, envh:onmen.ta.l changes and others). It is dif&cvvlt to fii\d 
convincing examples of selection results for dairy cattle, in spite of the 
long-continued programmes of research on the effect of selection of 
superior sires, of progeny testing, and of artificial insemination. 

For beef cattle, Brinks, Clark and Kioffer (1965) liavo recently re- 
ported on a study of selection in a closed herd of Herofords in wliich 
thirty-tlireo sires were used over a i)eriod of twenty-five years to sire 
over 2000 weaned offspring. Tlireo of their conclusions having a bearing 
on tho present discussion may bo quoted: 
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1. “Estimates of genctio changes, calculated by subtracting the 
environmental trend from tho phcnoty 7 >io treiid, indicate tlia 
substantial genetic progress uas obtained for birth u eight, ga 
from birth to meaning, wcanuig weight, and weaning^ score. 
Estimates of total genetic response from 1931 tlirough 1959 were 
9*7 lb in birth weight, 21 lb in gain from birtli to weaning, 
in weaning weight and G-5% in weaning score.” 

2. “Comparisons of expected and estimated genetic respoiiso 
from 1943 tluough 1059 indicate that slightly more response t an 
expected was obtained in birth weight (100%) and weaning score 
(116%), and considerably more than expected was obtained in gain 
from birth to weaning (139%) and weaning wciglit (130 /o)- 
Adjustment for detrimental cifccis of inbreeding were not , 

in these values. If adjustments for tlio oflccta of inbreeding had 
been made, estimates of considerably more progress tlian expect 
would have been obtained in these traits.” 

3. “Comparisons of expected genetic response and actual pbeno* 
typio response for postweaning traits from 1943 tlirough 19a 
indicate that, in general, tho actual response was as great as or 
greater than expected. Although environment is a factor in thew 
trends, there apparently has been some genetic response, and the 
data do not suggest that tliis response Is less than expected.” 

Per swine, Dettmers, Rcmpcl and Comstock (1965) liavo reported a 
successful eleven-year programme of developing in ilmnesota a strain 
of mimature pigs for medical research. Body weight at 140 days 
reduced by at least 29%, tho latest average (for 99 pigs farrowed “i 
1961) being 38*6 lb. Hero again, there were neither controls nor selection 
in opposite directions. Another experiment carried out in Illinois by 
Craig, Norton andTemll (1950) did include two-way selection, for larg® 
(ten generations) and for small (eight generations) size. Tho two lin^ 
showed increasing divergence which rose to GO lb at 180 days of age in 
the last comparison made. The results w ere consistent with a heritability 
of 0-16^.17 for the trait, falling (contrary to tho ilinnesota experiment) 
somewhat short of the usual heritability estimates for body weight. 

Eor.sheep a successful outcome of two-way selection (plus a control 
w° , Romneys was reported by 

Wallace (1958) Although there are statistical complications in hitcr- 
WhT Tf lo 3.1 shows that the lambing percentages of the 

showed in^Ling divergences- 

SSuTt W tlT I'^ve been under- 

estimates for this population, as weU as for Australian Merinos in which 
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Turner et al. (1962) were also able to increase the percentage of multiple 
births. 

I'inally, mterim resxilts of selection in Scottish Blackface sheep 
(A. B. Purser, personal communication) may be given to illustrate a 
test of genetic theory on the basis of a more precisely designed experi- 
ment than is usually possible with larger animals. Pour selection and 
two control lines of about 260 ewes each were started from the same 
base stock. Two were devoted to changing caimon bone length (as 
measured at 6 weeks of age) in opposite directions. In two other 
lines, plus and minus selection pressures for the amount of meduUatiou 

TABLE 3.1 

Lambing % difference in a two-way selection experiment (from Wallace, 1958) 




Lambs bom/owes lambmg 



High line • 

— control 

High Imo • 

— low lino 

Ago 

First 5 years 

Last 5 years 

First 5 years 

Last 5 years 


of experiment 

of experiment 

of experiment 

of experiment 

2 

6 

9 

7 

10 

3 

7 

11 

8 

12 

4 

8 

21 

13 

23 

5 

14 

IS 

18 

20 

0 

31 

42 

39 

42 


in samples of mid-side wool at 6 weeks of age were applied. Fortunately, 
both characters showed, as previous work liad forecast, sufficiently 
high heritability to permit effective selection on each individual’s orvn 
performance. Heritability for medullation was 0-5S and for oamion- 
bono length 0'59. With this information and a knowledge of the measure- 
ments of the animals chosen for breeding, it is possible to estimate the 
progress that should be made if no attention is paid to any other 
character (as is the case here). The comparison of observed and expected 
gains is shown m Fig. 3.1, which shows the divergence between the 
pairs of complementary lines. There is no reason to suppose tliat the 
results obtained deviate markedly from those e.xpoetcd. There may bo a 
hhit that realised progress is teuduig to fall somewhat beiihid expecta- 
tion, but it is too soon to bo sure whether tliis is, mdeed, so. If it is, 
there w ill bo no shortage of possible reasons. 

Other types of evidence of the correspoiideiico between genetic 
theory and the actual worldng of inlicritance in livestock eomo from 
pedigree analysis, from twin data, and from the results of inbreeding. 
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Tho first of thcso deals with Jlondelian traits These arc superficial^ 
simple cliaracters such as blood groups, wluch can bo clear y o oii 
from one generation to another Thur prcscnco is easily recognise 
they are demonstrably transmitted according to tho rules which . 
discovered Although various qualifications aro usually attache , 
rules account for most of tho observed vanation and permit 
predictions to be made Because thcso are now generally accep a , 



tho use of blood groups ui cleanng up ambiguities of parentage has 
become possible Of recent years there has been a notable growth m the 
number of biochemical vanauts known to behave in Mondchan fashion 
so that the prospect of being able to identify Imkage groups es drawing 
closer Apart from tho numerous blood groups found m cattle, piga and 
sheep there are rc^gnisable vaneties of protom m blood serum and 
nmk (discussed m Chapter 9) tho familiar colour patterns, and many 
other simply inhentodeharaetera(Hutt 1061) Besides such textbook 
examples there are numerous lethals sublethi and deleterious genes, 
most of which imhke those reKnnno.Vsi c j emu uirictciiuiio & 

not hemg fully mvestigS ^ to 

behave m a simple Jlendelian fashion doubt he foun 

The use of twins in oenptif* i. , ,i „ 

closer tho genetic relation between individl^ l 

typic resemblance between them TJi greater is the phea 

^ are two kinds of twins in cattle 
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identical (monozygotic) and fraternal (dizygotic). As in man, the 
members of an identical pair are exactly alike in all traits, such as 
blood groups, that are wholly determined by heredity. By contrast, 
fraternal t^vins, with some exceptions caused by common foetal circu- 
lation, are no more alike in such traits than full brothers or sisters. 
Comparisons of resemblance within pabre of the two kinds of twins can 
be extended by investigating pairs of less related individuals, such as 
half-sibs or second cousins, or completely unrelated animals. If all 
kinds of pairs are bom at the same time and studied on the same farm. 


TABLE 3 2 

hitra-pair correlations in Ayrshire cows milked for at least 100 days 
(H P. Donald, impublished) 


Kind of pair 

Jlonozygotic 

twins 

Dizygotic 

twins 

Half sisters 

Unrelated 

pans 

Lactation 

1 

2 

1 

2 

I 

2 

1 

2 

Days in milk 

0 57 

0 40 

0 48 

0 4C 

0 33 

0 63 

0 20 

-0 38 

305 day milk yield 

0 85 

0 05 

0 59 

0 35 

0 34 

0 63 

0 25 

-0 13 

70 day milk yield 

0 73 

0 49 

0 48 

0 29 

0 a 

0 49 

0 15 

0>13 

Butterfat % 

0 90 

0 91 

0 67 

0 69 

0 16 

0 13 

0 18 

0 07 

S N.F, % 

0 90 

0 81 

0G6 

0 51 

0 37 

0 56 

0-14 

0 22 

Cosom % 

091 

0 84 

0 03 

0 48 

0 21 

0 35 

0 11 

0 34 

Non-casem protein % 

0 87 

0 57 

0 52 

0 66 

0 57 

0 24 

0 07 

0 24 

Lactose % 

0 79 

0 51 

0 82 

0 50 

0 26 

0 60 

0 28 

0 25 

Body weight at 18 months 

0 90 

0 90 

0 53 

0 54 

0 55 

0 52 

0 33 

0 32 

Number of pairs 

20 

21 

28 

23 

28 

21 

30 

26 

Value of correlation at 6% 

lo\ol of sigiuficanco 

0 38 

0 43 

0 37 

0 42 

0 37 

0 43 

0 33 

0 38 

Average correlation 

0 S3 

0 68 

0 59 

0 49 

0 32 

0 45 

0 19 

012 


they can all bo expected to show that an animal resembles its own 
specific mate to some degree simply because of the common cnviroimient 
that has been imposed. Beyond this, however, it would bo expected on 
theoretical gromids that the more closely related the two members of a 
pair, the more alike they will bo. Tliis in fact is just wliat lias been 
found, as Table 3.2 shows. 
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In it are entered the intra pair correlations (as a measure . 

blance of pair mates) for four catcgoncs of pairs ranging from i ! 
through fraternal and half sister to imrelatcd pairs All ere 
one herd on the same farm from tho ago of about seven days 
such limited numbers of pairs tho correlations liavo largo samp 
errors, but as the average values at tho bottom of tho table shoiv , 
dimiiushmg similarity in performance as the relationship ucakens 
qmte obvious 

Smee there is some resemblance m mirelatcd pairs, they may 
providing a measure of tho extent to wluch the two cnvironmen 
of a pair are correlated hccauso they have been reared and mi ^ ^ 
together and thus shared, at least in part, tho same ups and don ns 
life 

How steeply the gradient of similarity rises towards tho idcn m 
pairs depends on how heritable the characters studied are, on ^ 
importance of prenatal environment (winch is tho same for twins hut no 
for non twins) , and on whether or not environmental correlations arc ® 
same for all kmds of pairs About tlus last point not mucli is known, bn 
it IS an absorbing question Cach animal is an important part of t 
environment of tho other member of tho pair and yet its nature i3 
largely determined by heredity Therefore to some extent, the environ 
ment of an animal is determmed by its oivii genotype Tho same sort o 
complexity could anso ^vlth infections or mduced behaviour patterns 
For this and other reasons, it is not to bo supposed that ‘ on tho same 
farm means that all ammals have the same environments Those bom 
at same season, and of similar mothers and penned together will have 
much more highly correlated environments than those which share no 
more than the soil climate, vegetation and general management For 
more details on cattle twins, Donald (1959) and Johansson (1959) may 
bo consulted 


Resemblance between cattle twins is only a special case of resemblance 
between litter mates Tho mass of information about resemblance 
between relatives and most hcntability estimates come, however, &om 
the companson of groups of half sisters by the same sire When herita 
Mines are very low, half site resemble each other hardly more than 
^elated animals and when they are high, hallsibs show a mueb 
SonerioToT ” {Lush, 1945, Lemer, 1938, 

mhcnV‘’“““"f of information on the mechanism of 

ijtS^thn'i inbreeding investigations 

consequences that follow the mating of close 
relatives were discovered a long time ago, the practice of inbreeding 
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during the formation of some breeds, especially the Shorthorn, gave 
rise to the notion that in the hands of a constructive breeder, inbreeding 
had at least a therapeutic value duo to cleansing the stock of bad 
characters while at best it concentrated good characters. This view 
persists widely to this day. With the development of the theory of 
inbreeding by Wright (1921), however, a quantitative approach to 
inbreeding data became possible. 



Generolians 

Fig. 3.2. Increase in homozygosity under inbreedmg (derived by Lemer, 1958, from 
Wright’s classical study, 1021, and teproduced •with permission of 'the publisher). 

rigure 3.2 siimmarises the expected genetic results of different 
degrees of inbreeding. They are measured in terms of a coefficient, .F, 
lying between 0 and 1. Tecliiiically, F expresses the probability that the 
two alleles at a locus which enter a zygote are derived from an ancestral 
allelo common to both; or, alternatively, it can be thought of as the 
proportionate decline in the average number of heterozygous loci 
earned by a randomly chosen individual within a given population. To 
use an extreme but common example, a one-sire herd that is self- 
contained must in duo course use a son of that sire on female descendants 
of that sire. Each mating then traces back to one instead of two or more 
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sires. Such a mating is shown in Fig. 3.2 as one male X 
sisters. This is not the strongest l^e of inbreeding but it bnngs a 
a loss of almost half the available genetic variation if kept up tor 
generations. When breeders speak of inbreeding or lino brcec^g J 
rarely mean a mating scheme as intense or as long-continued as ^ 
Because heterozygotes are more vigorous, natural selection may 
in their favour so that the computed degree of homozygosity is proba y 
often an overestimate of the attained level. 



Eig. 3.3. Declmo of performance in reproduction as a function of inbreeding 
Poland China one sue herds (from Craft, 1953) 


What Pig. 3.2 docs not show is that increasing the proportion of 
homozygous loci is accompanied by a loss not only of genetic variability 
(which imy bo desired) but also of vigour, viabdity, fortuity and niUk 
production (which is usually not desired). Many experiments (for ex- 
amplo, Briiita, Clark and Kioaer, 1905, for beef cattle) have confirmed 
that wlmt 13 called inbreeding degeneration in livestock is roughly 
proimrtional to tho amount of inbreeding. It appears not to matter 
much winch of tho lines in Fig. 3.2 is foUowcd. What matters is ‘be 
r f breeder therefore who inbreods, can be 

■'b* sampling) of some deterioration. In well- 
UkcTv w f such as Utter size in pigs, he can bo advised of the 

hkely loss ho w ill meur by his inbreeding. aS example of decline under 




3. GENETIC THEORY 


75 


inbreeding is shown in Kg. 3.3. Other instances and a technical dis- 
cussion of inbreeding degeneration are to be found in Lemer (1954). 

A breeding programme based on a very few highly selected males 
clearly leads very quickly to inbreeding. It then becomes a question of 
compromising somewhere between the advantages of rigorous selection 
and the disadvantages of inbreeding. Looked at in a slightly different 
way, inbreeding and crossbreeding are deviations on either side of 
outbreeding which are likely to develop as selection tightens. 

There is no serious alternative to genetic theory as a basis for practical 
animal breeding. Livestock have been the stimulus and the material 
for the development of the large part of it lalo^vn as population genetics. 
In the prece^ng paragraphs, an attempt has been made to give a 
rough idea of the sort of evidence available but it is not to be supposed 
that the various categories discussed have any basic genetic indepen- 
dence of each other, or that they hint at more than a small fraction of 
the known facts, many of which are drawn from animals and plants of 
limited agricultural importance. The risk of labouring this point is 
taken because there is sometimes a temptation for practical breeders 
and officials to suppose that what they do not know about breeding 
livestock is not knowledge, or that becatise the particular breeds they 
are interested in have not been subject to trial and experiment, nothing 
is known about their behaviour. 

In general, it is easy enough to fault current theory and it is often 
done. But the theory Avill improve with use. Although no amount of 
algebra or genetics will remove the influence of chance, forecast 
econonuc changes, or insure against political acts, there is no going 
back to the mystique of pedigree breeding which had these same 
deficiencies. 

Since there is no immediate prospect of reducing generation intervals 
substantially, fears of disastrous errors due to applying breeding theory 
to practical situations have little foundation. Rates of cliango in the 
genetic constitution of animal populations arc so slow that it is difficult 
to establish whether or not a change is talcing place in any direction. 
The only reason for tryii^ to apply genetic principles is to gain a better 
measxire of control and thereby a better response to selective breeding. 
None of the principles, however, will secure progress if they arc nullified 
by lack of consistent objectives or by over-complex specifications. 
ICuowlcdgo of genetic correlations is admittedly fragmentary and it is 
often open to anyone to assume favourable or unfavourable con- 
sequences of a selection policy as ho ^vishes. IVhother or not to risk an 
unfavoiuablo outcome is largely a matter of toniperamout. But most 
progress is made by the risk-takers. 
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On the evidence, there can be no reasonable doubt that the main 
assertions of population genetics are correct in essentials and are a 
basis for industrial development. Although there is much to^ ^ ^ 
by geneticists in strengthening and developing the structure, its gran 
design is unlikely to change much. ^ . . 

■^Tiere there is controversy between breeders and geneticists, i 
mostly about aims, less about methods and not at all about thwOj 
Aima are for breeders, large or small, to fix but if they insist on inc u o 
in their aims not only characters of low economic value, but a " 
methods such as eye judgment and small breeding groups 
efficiency, they must expect to have to defend themselves agains 
criticism from other interested groups. They must expect also^ to have 
to meet comiietition from livestock bred with different aims an 
methods. 
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A full discussion of breeding methods now in use falls outside the scope 
of this book. There are many texts which cover this subject. Descrip- 
tions written by different authorities and dealing with beef cattle, 
dairy cattle, swine, sheep and goats, horses, and poultry may be foimd 
in the volume edited by Cole (1962). The chapter on livestock breeding 
in Byerly (1964) also gives a summary of the generally accepted practices 
in the United States. 

There is a great deal of variation both among the methods employed 
for the different species in a given country and among countries for the 
same species. In part, this variation is traceable to the dissimilarities in 
the biological properties of each kind of animal, and, in part, to the 
differences in the level of technology achieved. Not surprisingly, the 
most complex and thorough procedures are found in poultry, and the 
least advanced methods are used (mtU some exceptions in countries 
wliere they are of great economic significance) in sheep. In between, 
lie swine, dairy and beef cattle, the improvement of which depends on 
techniques, sometimes as organised as the elaborate Danish performance 
testing of pigs (Lush, 1936) or progeny testing of bulls used in artificial 
insemination (Johansson, 1961), and sometimes harldng back a century 
or more to the show-ring. The upper section of Table 5.2, which gives a 
broad smvoy of the situation in the different species of livestock, may 
bo consulted for a comparison of the usual breeding methods applied 
to them. 

This chapter deals mainly with certain features of the techniques 
and problems encountered in animal improvement wliich are significant 
in the conte.xt of tins book. In essence, breeding procedures must rest 
on four points: 
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1. there should bo material on which the breeder can exercise to 

powers of selection, i.e. genetic variability is a prereqmsi e 
genetic improvement; . i 

2. the methods available to the breeder {primarily selection an 
control of the mating plan) must be based on adequa 
information, including performance testing and evaluation, 

3. decisions as to whethor the breeder is concerned wth short or 

long-range results must be taken; ^ . 

4. the breeding scheme must be chosen on the basis of minimum 
costs per unit gain. 

The following sections deal with some of the issues arising from these 
principles. 


I. Performance Testing 

Probably the most important single events in the history of perform 
ance testing were the invention of the trapnest for recordtog 
production, the introduction of the Babcock test for assaying 
percentage of butterfat in milk, and the development of probes 
ultrasonic devices for measuring the amount of backfat in pigs. AH ^ 
these techniques are applicable not only in testing stations but are 
suitable for on-thc-fann tests. The merits of these two forms of recording 
depend on the purpose of testing and on the animal concerned.^ Hi 
poultry , each breeder usually depends on his o'U'n recording for selection, 
sometimes entirely on his own farm and sometimes (especially for testi^ 
hybrid or cross-bred combinations) on private egg-production farms in 
diScrent locations. For public comparisons with other breeders 
(which basically implies advertising piuposes), central egg-laying tests 
are used. In dairy cattle, with the increasing use of progeny testing o 
bulls for artihcial insemination, on-the-farm recording is widely 
employed. Indeed, the American Dairy Herd Improvement Association 
considers farm testing as reliable as central testing (which, of course, 
can bo carried out in a standardised environment). Furthermore, the 
costs of centraWd testmg of larger animals in sufficient numbers 
pro^*itive^°^ European conditions by Johansson, 1960) seem to be 

‘“‘“8 scheme for 8«-ine, however, ie based on 
Z T T- “ of cattle in several parts of 

indwell ? “'“P been conducted both on the 

^"8land,. and in central 

Usul.“ ” 1'“ “‘her method hinges mninly on thiee 

■ssues. cost, hentabihty end gcnolypcK^nvironment interaction. Xto 
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relevance of the first of these items is self-evident. As for the second, 
traits with liigh heritability, such as growth rate on a given diet, fleece 
weight and egg size are usually not much affected by location, and, 
therefore, can be accurately evaluated on the breeders’ own premises. 
Characters of lower heritability, such as egg production, may be more 
informatively tested if there is a variety of conditions. This can apply 
only to inter-line or inter-strain selection and not to' selection witliin 
populations except for progeny tests carried out on the scale made 
possible by artificial insemination. 

With respect to genotype-environment interaction, that is to say, a 
differential response of a genotype in different environments, objections 
have been raised to relying only on testing stations on the grounds that 
the genetic value of locally adapted types is xmderestimated when all 
recording is done under one system of management and one set of 
environmental conditions. Evidence that some breeds or strains are 
superior under some conditions and inferior imder others is not difficult 
to find, especially, if the conditions and the genotypes are, respectively, 
widely disparate. Statistical evidence of interactions from comparisons 
with narrower limits can also be found (e.g. Dickerson, 1962b), but the 
amoimt of variation attributable to these interactions is relatively 
small, furthermore, to identify the sources of weakness and strength of 
particular strains is proving very difficult and quite impossible to 
predict in advance. It seems likely that genotype-environment inter- 
actions will be found to be numerous, sometimes exaggerating, some- 
times counteracting each other, and infiuencing mainly those characters 
which are most subject to inbreeding depression. These are traits such 
as fertility and mortality and other components of fitness which have 
very low heritabilities and show very large amounts of apparently hoii- 
heritable variation. It might be foimd, in due course, that most of the 
genotype-environment interactions occur at the individual rather than 
at the strain or breed level. It also could happen that genotype- 
environment interactions are self-cancelling in the sense that sometimes 
they are favourable and sometimes unfavourable during the course of 
the history of a single individual. Young animals may be reacting to 
infections of one sort or another with a partially or unequally developed 
apparatus of immunological tolerance or protection. Later on, they 
may bo choosing their o^vii euviromneuts in such a way as to run 
more rislcs than others of a similar kind and with similar oppor- 
tmiitios. Accident pronencss could bo a significant characteristic of 
animals. 

An allied problem hi testing arises from interactions between indivi- 
duals Mithiii a population. Every animal in a flock, herd or testing 
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rtation is part of the eiwironmcnt of other individuals (see the 8®“^ 
reviews of this issue as it occurs in natural populations in Andrew 
and Birch, 1954, and Wynne-Edwards, 1962, and for domestic amma^ 
Hafez and Lindsay, 1965). This is self-evident, hut nowhere more 
than in the behaviour of identical twins, both human and o • 
iloreover, some of the environment of one such t%vm which the o 
provides is to a degree genetically determined. Consequently, a pa 
the environment of a twin is conditioned by its o^vn genotype, 
same vill apply to any pair of animals but with lessening force 
relationship becomes more remote. ^ 

Other well kno^^Ti examples come from the behaviour pattern o 
many animals from man downwards known as the peck order. . 
in a particular environment must include the correct and succesa 
responses to social and actual stimuli offered by other members o 
group. As a result, performance is connected with the position of ^ 
animal in the intra-group social order (see ilcBride, 1964, for chicke^> 
and iIcBride, James, and Wyeth, 1965, for pigs). This problem also 
exists on the strain level. The question may be asked whether differci^ 
lines of chickens under test should be raised separately, thus intro 
ducing differences between their pen environments, or together, th^ 
injecting social rank-performance genotype interactions, which would 
not bo present under the actual conditions of production. 

In general, whenever changes in the environment of domestic 
animals occur, it could happen that temperament and behaviour womo 
bo higlily important factors in finding adapted strains or 
Individually fed pigs have a different order of merit from group f^ 
pigs; indoor sheep -will differ from outdoor sheep; intensively kept 
poultry from those maintained under extensive conditions. Genotj^ 
environment interactions of this sort may be commoner than is realised- 
Domestication itself provides the outstanding evidence of the way they 
can bo turned to good use. 

The main issue that faces the breeder is to find a compromise bet^ cep 
accuracy, on the one hand, and costs of testing, on the other. It 
evident that a single lacUtxon record will not evaluate a cow’s genotype 
for milk yield exactly, but at the same time, a full 305-day record for 
eacli lactation is not necessary. It is equally clear that trapnesting a 
cluckeii seven days a week is a wasteful procedure when doing it only 
three days a week provides sufficient ' 


, - accuracy in selection. 

adapted for tho different traits of tho various 
“ ' a technical matter. They aro considered in 

to breeding methods already cited (see also 
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Chapter 5). 
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II. Progeny and Sib Tests 

The most common method of choosing the parents of the next genera- 
tion from a popnlation is mass or individual selection. Aids for evalua- 
tmg the genotype, and, hence, the breeding worth of individuals are 
provided by progeny and sib tests. When a character under selection 
has very high heritability, information on the performance of relatives, 
in addition to that on the individual considered as a potential parent, 
will augment the accmacy of the estimate of its genotype only a little. 
Important exceptions are sex-limited traits, such as milk or egg 
production, and characters (e.g. carcass quality or performance as a 
steer in a feed lot) which cannot be measured on a breeding animal. In 
contrast, when heritability is low, the phenotype of an individual gives 
only a very limited clue to its genotypic merit, and data on its relatives 
(usually progeny or sibs) must be relied upon in selection. 

The question of whether progeny and sib tests are to be employed 
and, if so, to what degree, is, therefore, an operational one. It was &st 
thoroughly explored by Dickerson and Hazel (1944), who viewed the 
problem in the light of gains to be expected from different selection 
methods, hicluding those relying on individual records, pedigrees, sib 
tests and progeny testing. In addition to heritability, the interval 
between generations (i.e, the average age of the parents when the 
offspnng are produced) and the reproductive rate need be known for a 
valid comparison of the different selection methods. The use of such 
comparisons for poultry has been described by Dempster and Lemer 
(1947). But neither they nor Dickerson and Hazel have considered 
another feature of operational significance, namely, the financial 
aspects of carrying out the different forms of testing. Yet another 
factor is the decrease in the potential limits of improvements which is 
caused by the use of family records (see the section on costs of change 
in this chapter). 

In then original study, Dickerson and Hazel concluded that regular 
progeny testing is milikely to increase, and may actually reduce, rate 
of genetic gahi, “miless (1) the progeny-test information becomes 
available early in the test animal’s lifetime, (2) the reproductive rate is 
low, and (3) the basis for malting early selections is relatively in- 
accmate.” Ho^vover, they also jKjintcd out tliat extension of artificial 
hiscmination to largo populations would increase the advantages of 
progeny testing for sheep and cattle. This is ^vhat happened in the 
selection of dairy cattle sires, wliCTover organisation of artificial breeding 
has become extensive, as in Britain where at the time that the Dickerson 
and Hazel article was published, the number of artificially inseminated 
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cows stood at about 4000 a year, whereas twenty years later, the 
comparable figure was over 2 million. 

Selection under these circumstances must then rely more and more 
on evaluation of genetic merit of sires on the basis of progeny tes . 
Some questions of crucial operational significance immediately pre^^ 
themselves. Thus, Henderson (1964) addressed himself to the met o 
of selecting bulls for testing and concluded that only a partial solution 
to the problem is possible. The obvious place to find promising yo^g 
sires is among the sons of sires already proven to be of outstan^g 
merit, out of dams v^bo are themselves by outstanding sires and o 
high performance. Yet, even this method of selection offers no certam y 
that the yoimg sires will be good, since the practical upper limit ^ ® 


the actual genotypic worth of yoimg sires is only about 0* 67. This mean3 
that, at most, (0*67)^, or 45% of the genetic variation among unteste 
sons can be accounted for by the fullest information on the parents- 
How to determine the number of daughters needed from sires 
test was examined in a comprehensive theoretical fashion by Skjervold 
(1063) and Skjervold and Langholz (1064, 1964a), who obtained general 
expressions for optimal breeding structure of populations reproduce 
by artificial insemination, taking into account testing capacity* seleo* 
tion intensity, degree of heritability, maternal effects, and inbreeding 
depression, iloro specifically, Van VIeck (1964), who made a study of 
bull-testing schemes for the artificial insemination centre at Come » 
found that the maximum genetic improvement ivill be obtained when a 
largo number of young sires are judged by twenty to fifty daughte^ 
each. It also turned out that the schemes producing the highest genetic 
gains were tho most profitable ones. 

It W’ill bo readily appreciated that in a changing situation specifi® 
answers to questions of this type can have no finality. A running r®' 
evaluation, not only of the parameters to be used in solving tho mathe- 
matical equations, but also of the formulae themselves is desirable. It 
seems indisputable that applied research of this type will bo needed to 
^uro that the money allocated for improvement is spent to the best 
5n T progeny testing on the scale nowr develop' 

T -' longer do. This is a lesson that 

enterprises should 


— selection Indexes 

they nmv bo in tho estimation of genetic m 

noj mai bo combmed into a single figure known as tho selection in 
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The use of indexes of various lands is not a new practice. Simultaneous 
selection for egg number and viability in chickens has been based on 
family average egg production per original bird housed, essentially, an 
index. However, the genetic theory which made it possible to assign 
proper weights to each criterion so as to maximise genetic gains was 
worked out considerably later (Smith, 1936; Hazel, 1943). Various 
aspects of index selection, including methods of construction, are 
discussed by Hazel and Lush (1942), Lemer (1950), Dickerson (1955), 
and Hempthome (1957). More recently, the relative efficiencies of 
index selection and of other methods were examined by Young (1901) 
and by Fitmey (1962). 


TABLE 4.1 

Values of the parameters needed in computing a selection index for bacon pigs 
(adapted from compilation of Smith and Boss, 1905) 


Traits 

1 

2 

3 

4 

5 

C 

7 

8 

9 

1. Daily gain 

•42 

•73 

—17 

•07 

—07 

•13 

—13 

•10 

—03 

2. Food oificienoy 

•70 

•48 

•05 

•04 

—10 

•17 

•1C 

•17 

•10 

3. Dressing'out % 

—10 

—01 

•82 

—10 

•10 

—00 

•20 

•23 

•15 

4. Carcass length 

•14 

•03 

—40 

•62 

—•23 

•37 

-•14 

-•10 

-•03 

0. Backfat thickness 

-•15 

—21 

•28 

—30 

•54 

-•34 

•13 

•12 

—13 

0. Carcass conformation 

•28 

•30 

0 

•40 

-•62 

•28 

—17 

•30 

•24 

7. Belly tluckness 

—03 

-.10 

•25 

— 17 

•22 

—13 

•38 

•07 

—07 

8. Ham scoro 

•14 

.24 

♦34 

—23 

— 20 

•37 

•10 

•38 

•27 

0. E^o musclo area 

—11 

•34 

•30 

—OS 

-•28 

•35 

— 10 

•44 

•42 


HcnUbilitics aro shown on tbo diagonal; phcnolypio correlations appear above diagonal; gonetio 
correlations below. Xoto that feed cflicicnoy hero refore to weight gained pec pound of food con* 
Burned. 


Tho biological infonnatiou necessary to construct an index includes 
the hcritability of tho relevant traits (Spector, 1956, ha.s a compilation 
of estimates for domestic animals), and tho genetic and phenotypic 
correlations among them (Tables 4,1 and 4.2 give examples for pigs and 
cattle, respectively). In addition, tho economic value of each character 
has to bo laio^Mi. Usually, it is impracticable, except in very large 
Cbtablishmcuts, for an individual breeder to obtain tho n])propriato 
hcritability and correlation figures. For many unimproved i»opulations, 
however, they appear to fall witliiii similar ranges of magnitude and, 
therefore, published values may bo used. In higldy improved jwpula- 
tions, these ligiux'S ma}' no longer be applicable: successful selectioii may 
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have reduced heritabiUtiea and greatly changed 

traits (see the section on correlated responses) Hence, a breeaer 6 

a selection index needs to verify periodically ^vhethe^ tno ngures 
in its construction are still correct 


TABLE 4 2 

Estimates of correlattons bdiceen mill produclton and 

cojis (based on compilations by Farthing and Legates, 1957, and Jo ' 

1961a) 


Correlation 


Character 

Phenotypic 

Genetic 

Body 61 ZO 

0 31 

0 26 

Growth rate 

+ 

? 

Mu&clo dovclopmcnt 

— 

— 

Services per conception 

0 

? 

Incidence of oviduct cysts 

+ 

? 

% butterfat Jersey 

»0 3Q 

-0 50 

Guernsey 

-0 32 

-0 67 

Guernsey 

-0 34 

-0 77 

Holstem 

-0 22 

-0 38 

Holstein 

-0 2o 

-021 

Holstein 

-0 10 

-0o2 

Ayrshiro 

-0 14 

— 0 20 


The problem of weightmg for economic "worth is even more diffio 
For some characters economic values must be mere guesses, while fo^ 
others they may fluctuate ^vldely from year to year The results o 
selection usmg a given mdex may not be available for years and by 
then, the economic values may be quite different from those used m d® 
construction Thus before the first World War, an mdex used m the 
selection of Yorkshire pigs would have earned a positive economic 
weight for thickness of backfat after the war, the sign of the economic 
value for this character would have become negative 

An even more complex problem is how to decide on the econonuc 
value whenever the objectives mcludo both traits of importance to the 
purchaser of stock and to the breeder As an example, the grower of 
broiler clucks is mterested m growth rate and carcass quahtj He has 
no concern with fertility and hatehability Yet the breeder s financim 
success depends as much on the reproductive capacity of his stock as on 
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its average genotype for broiler qualities. In one case, the criterion is 
based on the value the grower will obtain if he purchases stock from the 
breeder; in the other, the value depends on the money the breeder can 
make by selling his stock to the growers. For poultry at least, the 
argument that good fertility is important to growers because it reduces 
their costs is not very strong, since the initial outlay per chick forms a 
rather small part of the total cost of raising broilers. 

Despite the various complications, indexes have been constructed for 
all classes of livestock, and, within each, for a variety of purposes. In 
poultry, selection indexes have been extensively used in commercial 
practice (Dickerson, 1962). With many traits included in an index (and 
some characters might appear in an index several times in the shape of 
individual records and different kinds of family averages) and popula- 
tions containing thousands of individuals, for each one of which an index 
value must be calculated, index selection is an operation for a computer, 
and a costly one. Hence, it is important that the gains in increased 
efficiency expected from index selection bo compared mth the costs of 
usuig this method before it is adopted. 

There are four kinds of purposes to wliich selection indexes can bo put: 

1. In selection for a single trait, an index incorporating informa- 
tion on the individual and on its various relatives, ancestors, 
collaterals or descendants, increases the accuracy of estimation of 
the animal’s genetic merit, especially for traits of low heritability. 
Because improvement in only one character is sought, the task of 
estimating correlations between traits and of assigning relative 
economic merit is avoided. However, it is mirealistic to suppose 
that selection of this typo can have much practical significance. 
Reproductive capacity, health, officioncy of feed utilisation and 
adaptation to environment, all must enter in one way or another 
into selection for any economically important objective. In fact, 
over}'’ economic property is no doubt a compound of many traits. 
Basing selection on some combination of theso docs not luakc it a 
“single character’*. 

2. Selection may bo directed primarily to one trait, but tlio indo.v 
may incori)orato information on other traits as an aid in identifying 
genetic merit. If tho trait selected for has low iieritability but has 
genetic correlations of appreciable degree uith other cliaracters, 
tho latter may bo appropriately included in tho index, with zero 
economic values assigned to them. 

2. A similar situation prevails when selection directc<i towards 
ono trait produces undesirable sliifts in oilier trait-i geuotically 
correlated witli it. Indo.xes in wliich zero economic weighu are 
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to them may bo designed so as to leave their 
relatively unchanged, while the character selected for is 
4. The most important use for selection indexes is m 
populations where multiple objectives are pursued. IVhet^r y 
are expressed in terms of individual characters such as grom w » 
conformation or carcass quality, or of a compound such as mono 
value of a litter, the index ^vill have several items in it an 
same character may appear in mom than one of them. Occasio^ y> 
superficial paradoxes in construction of indexes of tliis kin are 
encountered. Por example, in HazeVs (1943) original stu y o 
index selection in pigs, he found that carcass score contribute ^ 
the total monetary value. But the phenotypic correlation of " 
character ivith the economically more important 180-day bo y 
weight was higher than the genetic correlation. In these^ circinn 
stances, because of certain biometrical properties, an index ^ 
which market score is given a negative weighting is found to e 
more efficient than one in which it is ignored. - 

When selection for several traits is practised, three methods o 
procedure are available: (a) each trait can be selected for separately an 
rimultaneously (selection by independent culling levels), (b) one trw 
at a time could bo selected in succession (tandem selection), and (c) 
selection on all traits could be carried out simultaneously by using ^ 
selection index. It has been shown by Hazel and Lush (1942), and by 
Young (1961) that the third method is theoretically never inferior to 
selection by independent culling levels, which in turn is as at least as 
efBcient as tandem selection. There is no reason to believe that the 
theory is faulty, though only limited experimental support for it (e 8* 
Abplanalp, Asmundson, and Lemer, 1960) is available. It must, how- 
ever, he realised that there are some problems in selection that no 
index can solve. Thus, if a high negative genetic correlation e^ts 
between two traits, because the same genes enter into their determi^' 
tion, it is impossible to improve one without the other suffering 
deterioration. Selection for short shanks and high body weight ot 
eWekens would probably be self-defeating as a result of such a situation 
Cruden, 1947). In a similar case, ilerritt an 
Slcn (1003) appear to have broken up genetic correlations between body 
weights at different ages (suggestmg that some of the correlation was 
duo to linkage) by selection. All in all. though there are difilcultics m 
rfnvmg for multiple goals, the iuvenUon of the selection index has dono 
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alRA wthout the help of this device. But it is 

also true that improvement w'— — .v __ lo 


t was neither fast nor certain. If there ia 
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be a speeding-up of the rate of progress, more use of statistical aids such 
as the selection index -will be needed. 


IV. Heterosis and Crossbreeding 

Perhaps the greatest change in animal breeding procedures of recent 
decades has been the increase in systematic crossbreeding and crossing 
between lines and strains as an alternative to purebreedhig. There are 
many variants of these procedures. Some may involve selection for 
combining ability such as the reciprocal recurrent selection illustrated 


Generalion I 


G«neration Z 


Generation 3 



market 


Fig. 4 1. Reciprocal recurrent selection. 


in Kg. 4.1. Tliis method may bo utiUted within a breed as well as 
bet-tteen breeds. Other toclmiques aro based on sj'stomatio crossing of 
tn 0 or more breeds. Several schemes used m pigs are shomr in Kg. 1.2. 
Still other variants aro described by Lcruer (1958). 
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Both the extent and the purposes of crossbreeding vary 
species and countries, but hvestock production Im become 
dependent on it (see section on stratification m Chapter 6) 

Umted States, nearly all broders arc of crossbred 

swmo come from breed or Imo crosses, crossbreeding simnariy 

ates sheep production The mam exception lies m range bred bee 

though some crossmg is begmnmg to take place also m this ^ 

cattle form a special category crossbreedmg here is founded on e 
of beef bulls in order to improve the meat quahty of offspm^ 
mtended for milkmg Erom the figures published by the Milk Mar e o 
Board, it appears that m England and Wales in 1063, over 40 Jo ® j. 
artificial inseminations of dairy cattle were made with semen from 
bulls 
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Fig 4 2 Example* of crossbreeding schemes for piga (adapted from Durham m Cole. 


Kcort to crossbreeding may also be had for other reasons Hyb”'* 
vigour or heterosis is one of them rectification of some defect of a pm® 
bred 13 another Some breeders may merely insh to mtroduce n®'*' 
genetic vanability into an existing gene pool But generally speabmS 
crossbreds are popular because they have the right kmd of perfonnani* 
The advantages so obtamed justify recommendations to livestock 
extent of crossmg (see for instance, SUnmm’ 
1903 and 1903 on sheep and pigs, rcspectiv ely) 

Kefinement of crossbreeding techniques lias been earned farthest fo® 
cluckens Selection maj be practised nitlun hnos or breeds for gene«' 
combming ability vnth any other strain or breed or for corobininS 
ability with another specific parent (Memtt and Oovie, 1900, discos® 
this issue with regard to broilers) Jlass creation of mhred Inns fm 
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eventual crossing (often within a breed) is a widespread tool used by 
breeders of laying stock. 

In larger animals, crossbreeding sometimes replaces selection rather 
than supplements it. As might bo expected, pigs, which have a rela- 
tively rapid rate of reproduction and exploit a narrow range of nutri- 
tional conditions, lend themselves to poultry methods more easily than 
cattle. Jluch effort has been put into developing inbred lines and into 
performance testing of crossbreds, but so far without any startling 
success. The principle of emphasising selection for the maternal 
characteristics of fertility and milk production in one line or breed, and 
the growth and carcass characteristics bad been applied in practice for 
a long time. This does not mean that it is miiversally applicable. Smith 
(1964a) examined the theory of selecting specialised sire (for growth 
rate and carcass quality) and dam (for reproductive ability) lines in pig 
breeding, but found that selecting for overall performance in a single 
line produces almost as good results. 

The amount of heterosis obtained varies. In some instances, such as 
beef X dairy crosses, tliis is but a minor consideration. For milk yield, 
estimates of 5 to 10% increase from crossing have been made. For 
mortality and fertility, the increase may be as much as 15%. But the 
economic value of crossbreds should not be measured only on one 
character at a time, for many small advantages combine to make a 
much larger one. How much superior crossbred performance must be to 
reach worthwhile magnitude is a question with no simple answer, since 
it is possible to specify husbandry practices and prices for siuplus 
calves, cull cous, milk and milk quality, which when combined would 
show any breed or cross to economic advantage. Were it possible to 
rank the several breeds and crosses by efficiency of food use relative to 
maintenance and caloric or protein output, a sounder basis for choice of 
a breed or cross might be made. 


V. Lethals and Undesirable Recessives 

One of the consequences of the spread of artificial insemination has been 
an increased fear of proliferating lethal genes. “Undesirable recessive” 
is now a popular term for pathologically abnormal as u ell as normal but 
unwanted varieties of new-bom animals, such as red calves in black 
breeds. Many of them, liouever, have not been sufficiently investigated 
to bo confidently attributed to recessive genes. 

Textbooks on animal breeding often, contain detailed lists of lethal or 
detrimental genes. Although undoubtedly useful for some purposes, 
these catalogues arc of limited practical value. It had been assumed by 
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ceneticists, before tbc mathematical consequences of selection wH® 
thoroughly understood, that the presence of lethals in a 
presents a growing danger and requires vigorous efforts on the pa 
breeders to combat it. Tins, however, is not so. Recessive 
doubtedly occur in every species of domestic animal, and dele on 
genes of all sorts are abundant. When, they are carried in large pop 
tions, their mamfestation is usually suflSciently rare or they ^ 
difficult to detect as to warrant no action at all on the part of ^ 

In small populations, or where inbreeding is practised for the produc lO 
of lines to bo used in crossing, such lethals would become evident very 
rapidly. ^ . 

The fear that artificial insemination will spread undesirable 8® 
not logical. At worst, the bulls used at artificial insemination cen r 
will not transmit more of these genes than the numerous sires t ey 
supplant. At best, they may spread many fewer, because bulls kno^ 
bo potential or actual transmitters are not ased. \Vbere a siro has ^ 
widely used and later found to be heterozygous for a rare imdesira 
gone, care can bo taken to reduce the risk of using another hetcrozygoi 
of tho same kind in the same area. . , 

It is not to bo expected that private breeders will confess public ) 
that their stock are disseminating a lethal gene, but artificial insemhi** 
tion gives tho incidental opportunity to assess sires for such genes, 
in largo populations oven those of low frequency (Johansson, 1901)* 
Commercial dairymen are not slow to complain about deformed calv^> 
and it seems imlikely that artificial insemination -will bo permitted ^ 
spread common deleterious genes very widely, A greater danger mig"* 
actually bo that good bulls are too readily culled on such grounds. ^ 
Mason (1904), in a common-sense discussion of breeding policy 
relation to recessive lethals, points out that tho idea of eliminates 
them is unrealistic, mother measures should be taken to reduce the 
frequency of lethals depends on several considerations: the nature o 
tlio defect and tho risk to tho mother’s health, how common it i3» aa 
whether any hetcrozygoto advantage is involved. In his survey of 
artificial insemination practice in nine countries, ilason learned that 
reccssiv o letlials w ero a serious problem in none. Sporadic breeding tests 
are made on suspected carrier bulls but, as a routine procedure, progeny 
testing s^ciDcally for Ictlials is not operationally sound. It is expensi^o 
to organise and can only bo used for checking the most feared of aU 
possible Ictlials. Tho usual attitude of artificial insemination operators 
f tliat any common lethals wUl advertise themselves among tho 
eft hundred of calves that are bred from each siro in normal use- 
.\n exception to this policy may have to bo made if hetcrozygotes are 
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found to have some advantage over homozygotes, such as might have 
been the case "with a form of dwarfism in beef cattle (Marlowe, 1964). 
It would then be sensible to measure the extent of the advantage, to 
compute the equilibrium frequencies of the imdesirable allele, and then 
decide on operational grounds whether or not steps to discriminate 
against the recessive are necessary, and, if so, what they should be. 

With the evolution of more advanced breedhig methods, including the 
formation of small elite stocks of performance-tested animals, it -will 
eventually be insufficient to apply the present crude custom of cutting 
the throat of any animal judged guilty of being heterozygous for an 
unpopular gene. Ih the artificial insemination of cattle it could happen, 
and, indeed, is certain to happen, that a suitable progeny test ■will 
show that a bull capable of raising production transmits some im- 
desirable trait as well. For a balanced judgment, economic values will 
have to be placed on his ability to raise the average production of all 
daughters, and on other characters such as milk composition and 
conformation as well as on the undesirable trait. To this must be added 
a clear understanding of its mode of inheritance. Where a specific gene 
has been implicated, its frequency in the population will be an impor- 
tant factor in estimating the damage a heterozygous bull might do. 
All animals are known to have some imdesirable recessives to pass on, 
in the sense that they have alleles, which when homozygous reduce 
fertility, milk production, and vitality (the so-called mutational genetic 
load). To regard them as a well-defined class of genes and to let their 
discovery induce an automatic negative mental reaction, is to overlook 
both biological and financial realities. 


VI. Trick Breeding 

Generally speaking, genetic methods of improvement of populations 
have a universahty m that they are applicable to all species. Yet there 
are certain properties of lower organisms and of plants wliich can bo 
utilised in selective breeding but whicli are not practical to use in larger 
animals. Most mutagenic tecliniqucs fall into tliis category. Antibiotic- 
producmg fungi can and have been subjected to irradiation, and mutants 
for increased production have been selected to establish many com- 
mercially valuable strains. Liduced mutations have also been success- 
fully incorporated in plant breeding programmes. An early very 
thorough review of the subject may he found in Gustafsson (1917), 
ivhile later results have been described by Gregory (1901) and by Gaul 
(1905). Allied to these methods are techniques of producing polyxiloidy 
ivhich are also finding their way into agriculture. 
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In large animals tlie situation is not as promising. A 
at inducing useful variation in domestic animals was not pa . 

encouraging (see Chapter 9). Perhaps the scale of a success , , 
ment of this sort might have to be prohibitively large. Agam, 
for inducing polyploidy in larger animals are apparently no 
immediate offing. Nevertheless, it is encouraging that there is 
economically important ammal, the silkworm, where some oi t e g 
tricks, so successfully used for experimental purposes by Drosop 


geneticists are being adopted for commercial purposes. , 

Investigations on the genetics of the silk^vorm have been 
wth great intensity by the Japanese (reviewed by Tazima, 1965). ^ 
only have some 260 genes been studied but of the 28 linkage 
possible, 19 have already been established. Contrary to what has 
said about the larger mammals, triploids and tetraploids may be re 
produced in this species, and even the problem of the control o s® 
appears to have been solved (see references in Chapter 9). But * 

impressive achievement in the field of trick genetics lies in the t 
ment of methods of sex determination of zygotes before the 
In silkworms, males give a higher yield of silk per unit weig“« 
mulberry leaves than females. It is, therefore, of considerable econo 
advantage to bo able to determine the sex before hatching and 
eliminate the females. By irradiation, Tazima produced a translocatio 
of a small piece of chromosome 10 to the Y chromosome (in sUkwor^* 
females are heterogametic, and hence have an XY constitution, wlm 
males are XX). This region carries a normal allele of gene to~2, a recessi^® 
that causes the pigment of the outer membrane of the egg, 
normally darkens after several days, to stay white. The translocation 
permitted the creation of a strain in which males carry the io-2 gene on 
both chromosomes, while females arc heterozygous for it. Consequent y» 
in it, dark eggs give rise to females, w hile light eggs produce only mal^* 
An automatic sexmg machine has been developed wbich rejects ® 
female eggs, and thus ensures that only male cocoons are formed. ^ 

The same principle has been applied to the problem of recognisi^ 
the sex of larvae, also of important commercial consequence: since silk 
worm breeding is based on exploitation of heterosis and, becau^ 
moths mate very soon after cclosion, it is essential to have an early 
separation of the males and females. 

Teclmiques of a related kind have been used in poultry. Some breeds, 
sexually dimorpluc at hatch, were developed in the mid-twenties, but 
autosexmg was rendered obsolete by the discovery of a method oi 
determimng sex by examining the cloaca of newly-hatched chicU. 
Genetic techniques of the tj'pe depend on the exploration of the effects 
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of single genes, or chromosome mapping, and on making use of cliromo- 
somal abnormalities. For obvious reasons, such studies on large animals 
are prohibitively time-consuming and expensive. Whether or not this 
■will always be the case, remains to bo seen. 

VII. Correlated Responses 

The idea of correlated responses has always loomed large in the minds 
of both evolutionists and breeders. This is the phenomenon which 
Darwin (1872) described under the term “correlated variability” by 
which he meant “that the whole organization is so tied together during 
its gro'wth and development, that when slight variations in any one 
part occur, and are accumulated through natural selection, other parts 
become modified.” 

Schmalhausen (1949), among modem students of evolution, has 
stressed the evolutionary importance of correlation and correlated 
response and has discussed in detail various mechanisms which could 
account for it. As noted by Simpson (1953), palaeontologists long ago 
observed phenotypic associations of characters. But their principal 
sources, at least so far as artificial selection is concerned, became 
known only after such genetic phenomena as pleiotropy and linkage 
were elucidated, oven though by no means all correlated responses arise 
exclusively from them. 

One form of correlated response, important in long range evolutionary 
situations, occurs when an integrated system of organs and functions 
is disrupted by a novel or increased selection pressure applied to some 
single trait. Correlated components of fitness then become subject to 
secondary natural selection pressures worlung to restore the integrity 
of the ftmction or organisation of the animal. Those components are 
then brought back into harmony with the shifted property or dimension 
which was the primary focus of natural selection. As a result of tliis 
process, clusters of correlations develop among various characters 
(Berg, 1961). 

The significance of both genetic and phenotypic correlations betivcen 
traits (for a technical, but reasonably simply stated, model of the 
rclationsliip between tho different kinds of correlation, see Scarlo, 
1961) lies in tho fact that usually the expressed desiderata of artificial 
selection are minimal, that is to say, they involve only a few traits 
rather tlian a whole complex including fitness itself. This means that 
successful selection directed to these desiderata must inevitably produce 
in its wake imdesirablo changes in at least those chanictcrs wliicli wore 
originally at their optimum. Tho long-standing problem of quality of 
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milk has its origin here. Becanso of "«g“tive genetic correlation 
tween milk yield and percentage fat ' je^s would 

intensive and successful selection for one of th^ cha ^ 
lead to a decrease in the other. Since the correlation is abou . 
may be theoretically possible to avoid the consequences ° 
relation by concentrating selection on those genes which are 
only with one of the two characters. Since the available ^ 

tion is then much less, progress from selection would be slow ^ 
The complications that genetic correlations can bring a 
artificial selection programmes have been discussed extensive y 
chickens by Dickerson (1955). Because of the intricate ^ ^ 
positive and negative correlations between the variety of traits 
the production of a commercially successful laying chicken, se 
directed toward all of these traits simultaneously may be self-deiea 
This can happen when, for instance, the selection pressure app ^ 
towards trait A is coimteracted by the movement of this very 
the opposite direction as a result of a correlated response to a -j 

for trait B. Difficulties of tMs type are magnified by the fact tha i 
possible for positively correlated characters to become ^ 

correlated after a x>eriod of selection. This process can occur in a 
of ways, including exhaustion of linkage-ffiee additive variation, as 
been noted by Lemer (1958), , 

In the same publication, he has distinguished two tyi>es of correla 
response: fficultative and obligate. The first depends on a 
fortuitous genetic correlation due to pleiotropy or close linkage ( 
two are virtually impossible to distinguish in higher organisms) 
tween the selected and unselected characters in the initial population' 
The direction in which the correlated response would occur 

\hila) 


unpredictable. Indeed, in the example of this type of correiau 
response cited by Lemer (Prevosti, 1955, working with DrosopAu 
correlated responses to the same birnl of selection occurred in oppoti ® 


directions in different iwpulations. 

Obligate responses take place in a specifiable direction. They depend 
on the fact that the traits affected by selection are physiologically or 
morphologcally in an optimum combination at the initiation of selection- 
Dueler such circumstance, it may be expected that reproductive fitnc=^ 
(and hence bre^g efficiency in the population) will be lowered as a 
^ult of selection, not necessarily immediately, but sooner or late^* 
There arc exceptions to this rule, at least over a short range of time* 
reproductive fitness does not always suffer as a result of selection for 
wme specffic trait. One example U provided by the study of Dempster* 
Lemer and LowTy (1953), who in selecting for egg number in chickens. 
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did not lower the reproductive fitness of their flock. Slore recently 
Rahnefeld et al. (1963) selected mice for seventeen generations for post- 
weaning gro^vth but still found tliis trait to be genetically positively 
correlated mth litter size. 

An interesting case of correlated response was described by Belajev 
and Trut (1963) in farm-bred silver foxes. In selecting for calm tempera- 
ment over a period of ten years, they observed a correlated response 
in the form of prolongation of the oestrus period, which is a highly 
desirable reproductive trait from the breeder’s standpoint. It is not 
improbable that phenomena of this kind played an important role in 
the domestication of some of the economically useful animals. 

Correlated responses wliich reduce fitness to the point of near extinc- 
tion of the population, or, even only to the point of inefiScient repro- 
duction, are of serious consequence to a breeder. They are often 
compounded by the effects of inbreeding, as might have happened in the 
classical case of the Duchess strain of Shorthorns (Wright, 1923). They 
can also be independent of consanguinity, as appears to be the case in a 
selection experiment on shank length of chickens, in which suspension 
of selection permitted considerable restoration of fitness despite con- 
tinued inbreeding (Lemer, 1968). 

Enough has been said to show that correlated responses have deep 
practical and theoretical interest. Their bearing on selection limits and 
performance ceilings is considered in the next section. 

Vlll. The Costs and Limits of Change 

All breeding improvement is founded on the changing of gene fre- 
quencies. The aim of the breeder is to increase the proportion of 
desirable alleles in the gene pool under his control at the expense of the 
tuidesirable ones. In theory, the limits of selection on the hypothesis of 
additive gene action are reached when the desirable alleles are fixed 
and occur in all members of a population in a diploid state. Beyond tliis 
pomt, all selection can do (unless the objectives are modified) is to 
continue eliminating undcsirablo alleles arising from recurrent mutation. 

In practice, such a situation rarely, if over, happens. Some desirable 
alleles that are originally present at a low frequency may bo completely 
lost by chance from a gene pool. Furthermore, often an allele is desirable 
or not depending on other genes in a given genotjqjo. Still other genes 
may display a heterozygous advantage and hence will have equilibrium 
frequencies somewhere between zero and one and therefore bo un- 
likely to become fixed. However, oven with these qualifications, live- 
stock improvement must bo viewed in gonotio terms as a process 
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intended to lead to the production of populations mth an optimum 
array of gene frequencies at each locus i , ^ nnce. 

It should be apparent that this goal can be attained only P 
both biologically and financially There are U o types of biological 
involved One is based on the fact that, in the replacement ot an 
by a more desirable one, many mdividuals will have to e u 
prematurely removed m choosmg animals for reproducmg t e 
tion Tins matter is of considerable importance m natural ’ 

where it has other implications as well It was first raised by a 
and recently reviewed by Van Valen (1963) The second t;^e o ^ 
logical cost consists of the loss of adaptation through drift m 
populations and through undesuable correlated responses 
of biological costs result m financial costs But these have, m ad ^ 
at least two other components As an extension of the biologica 
of the first kmd, there are charges against the improvement progra 
m the form of loss of value of stock which has become obsole 
mfenor m comparison with the improved model Secondly, m 
gene frequencies, there are the direct expenses of observation, perto 
anco testing and data processmg , _ 

The immediate question arises then as to who shoulders the burn ^ 
of money spent on livestock improvement Fanciers may 
return m the form of relaxation and pleasure, pedigree breeders m 
form of sales of breeding stock or the rewards of distmction at showo, 
large scale poultry enterprises m the form of dividends The o y 
accounting of costs in such establishments is to the shareholders bu 
when stock improvement becomes a question of mvestment of p^ ^ 
funds, a taxpayer might legitimately ask just wliat amount or km ® 
change is to bo brought about, what for, what will it cost and what 
it be w orth At the present time, he would receive no answers It ^ 
to bo supposed that improvement must bo obtamed at any pnee, 
c\ en at a stiif pnee AVbether or not it would be a good thing to imptot® 
the speed of greyhounds is probably a matter of opmion, but few could 
bo found to say that the cost of doing so should be borne by the pubbe, 
ot oven by all dog owners A more ponctratmg but dilBcult problem 
posed by the beef cattle mdustry Who should pay for improveim3'’|’ 
m 111 The answer seems likely to vary inth pohtical rather than with 
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question, as we know notliing about the various biochemical, physio- 
logical or endocrinological determinants of size and shape in the original 
canine gene pool. The remoteness of origin, the great supply of vari- 
ability from hybridisation (Zeimer, 1963, lists five ancestral dog species, 
not counting the wolves), the sacrifice of reproductive capacity for the 
sake of fixation of type by inbreeding, the number of generations of 
trial and error that went into the creation of extant breeds, and similar 
factors come to mind as partial answers. Tlie question can by no means 
be considered resolved. 

The brief account of the genetic background to livestock improve- 
ment that this and the preceding chapters afford vill not satisfy those 
in search of a full exposition of the theory. For them the references will 
provide guidance in search of further information. Tho day has long 
passed, however, when everyone with an interest in some aspect of 
animal breeding can hope to be familiar with tho whole corpus of 
scientific knowledge pcrtainii^ to it. Some things must be left to the 
experts. On this assumption, tho purely genetic treatment of the subject 
has been curtailed in order to allow more complete discussion of the 
ways in which science permeates tho animal breeding industry. 
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Each advance in techniques of measiu-ing passes gi’adually from being 
novel to being necessary (Cowan, 1963). This lias liappened to fingor- 
printing and to blood-typing •vrithin the memory of many readers. It is 
happening to chemical estimates of milk quality and to the measure- 
ments of the amount of fat in bacon carcasses. By no great effort of the 
imagination a student can foresee the day wlien the elite breeding 
stocks of sheep will have to bo described in terms of their enz 3 maes so 
that those who breed thorn for meat and wool can favour the ones ivith 
the most desirable properties. For human beings there is already a great 
mass of information about biochemical individuality (o.g. Williams, 
1956) and about its genetic b^is (Harris, 1959). 

All methods of assessment of performance, including eye judgment 
of conformation and typo, are primarily intended to make a breeding 
policy offoctivo. However, they quickly tend to generate tlio very aims 
of that policy. In fact, if performance testing does not provide or arise 
from the aims of breeding, it becomes irrelevant as a moans. Tliis is an 
old as well as a very modem problem. In its present form it is created 
b 3 ’ the setting-up of facilities for the quantitative observation wliich 
Tcsidts in so-called paper records that may in fact bo ignored by breeders 
in the selection of animals. Performance testing under these conditions 
is mako-beliovo; and j^ot in a much older form the problem arose as 
soon as milk recording or cgg-la^ing trials were started. It took a long 
time before the information produced began to have a significant ofTeot 
on the ways in which dairy cows and ponUrj' w ero selected in breeding. 
Even oyo judgment, to the extent that it deals with characters wliich 
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There is no case, ho'wever, for trying to persuade all breeders in a 
numerically largo breed to take records for breeding purposes. Only 
enough females must be observed to supply and test adequately the 
young males from "which the sires of the elite stocks are to be dra"wn. 
For this the whole population may not be necessary, possibly only a 
half or less. If an adequate test of a young sire calls for 300 inseminations 
of herd-tested cows, and ten of them are to be tested each year, some 
3000 tested cows are required for this purpose alone. The owners of 
6000 more may v ell feel entitled to the use of already proven sires. 


It. Accuracy 

Host breeders of livestock have acquired a strong belief in the virtue of 
accuracy. From their point of view, it is one of the imfortunate aspects 
of population genetics that it compels an objective approach to the 
subject. 

Reconciliation of the breeders’ notions of accuracy of recording 
performance with those of the statistician and geneticist is often needed. 
The latter are usually concerned with, and think in terms of, groups of 
populations. Breeders, like lawyers, tend to consider each animal as an 
individual uith its orvn special circumstances. The biological apparatus 
of breeding, however, is designed to deal with populations. Even in 
poultry, it was not long ago that selection was directed towards 
producing individuals with record performances. Horse racing certainly 
justifies this approach. The economics of animal production, however, 
call for consideration of groups or averages and not of individuals. It 
comes about, therefore, that scientists try to spend the available effort 
of observation over the most effective numbers of animals often at the 
price of reducing the frequency or number of observations on each one 
(Robertson, 1957), 
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them on the first t^vo and much quieter. To judge a cott expected to 
milk for four or more lactations by performance in 70 days of her first 
one is, in the opinion of breeders, altogether too rough and ready a 
procedure. But the technical answer to such an assertion is simple. 
There are tliree points to it: (a) 70-day yields are quicker and cheaper 
to obtain; (b) it is better to make progress at the rate of, say, 2% each 
year than to achieve 5% every four years; and (c) lactation yields or 
lifetime yields are themselves only rough estimates of a cow’s breeding 
value. Even identical t^vin cows calved, fed and milked side by side, 
differ in yield by about 100 gallons and the consequences of varying the 
season of calving and age at calving would add to this diffeience. There 
is no way in fact to find out what a cow’s characteristic yield is within 
narrow limits, though some day, when egg transfer is perfected, her 
genotype may bo assessed through her daughters as that of a sire may 
be now. The arguments for limiting and adapting the observations on 
milk yield to the purpose of breeding for milk yield fall to the ground 
if the data are not used for tliis purpose or are needed for some other 
purpose, such as management. The question of paying for them then 
takes on another aspect. 

Poultry breeders have made a close study of the amoimt of egg 
recording they should do and in recent years have effected great 
economies in collecting and processing testing data from birds on tost 
without sacrificing precision of genotypic assessment. Thus not only 
part-time recording of egg production but also minimal sampling of egg 
quality (size, shell strength, freedom from bloodspots, etc.) is used. 
However, heavy dependence on computers by all leading breedmg 
establishments permits them to make the most of the data collected 
(Dickerson, 1962). 

Jlilli yields and pig performance are approached in a less refined 
manner and sheep recording is even more primitive. In duo course, 
however, the principles established in the breeding of poultry will have 
to bo applied to the larger animals. 

How much expenditure on data collection is justifiable is a question 
that cannot be given a general or final answer. Slothods tend to evolve 
from the crude to the refined, from the cheap to the costly, as more and 
more comes to depend on tho information. A first trial in a now field 
of recording carried out on a temporary grant should perhaps aim 
primarily at becoming accepted. Later on, more or less detail may bo 
found adrisahlo according to the uses made of tho information. It is 
not at all inconceivahlo that more expense on recording may bo re- 
quired for publicity purposes than for breeding. Touchberry, Rottcustcu 
and Andersen (1900), Johansson (1961), and others discuss those 
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arc of very low heritability or oven no heritabaity at all, such as con- 
dition, provided information which was quite meaningless as far as 
breeding was concerned, though, of course, a judge did not think so at 
the time. 

A breeder who records identities and performance has data that are 
of potential value not only to lumself but also to others. The balance of 
advantage, however, may lie very much to one side or the other. At 
one extreme there are records that are erroneous, illegible, or not 
comparable with others. Although conceivably of value to the indivi-, 
dual collecting them, they are worse than useless to anyone else. At the 
other extreme, there are records (as of routine blood grouping), the 
direct benefit of which to a herd-owner may be negligible. 

Since most records are of an intermediate kind on this scale, problems 
arise in collecting and using them due to conflicting interests. The 
history of herd testing and egg-laying trials shows how the balance has 
by degrees shifted away from the individual towards the group to 
which ho belongs. One by one the devices by which poor results could 
bo hidden are giving way to precise methods aimed at obtaining correct 
information for general uso. 

I. The Purposes of Recording 

Tho purely organisational asjwcts of data handling aro often con- 
founded by tho need for good public relations. Although this fact can 
bo and often is used to delay or prevent rofmements, public relations 
cannot bo neglected unless those responsible for animal breeding do not 
need tho cooperation of farmers for idcntifjung and recording animals. 
The cost of data on the performance of A.I. bulls to A.I. organisations 
would rise if fewer farmers felt disposed to test their herds for other 
reasons. If sheep farmers continue to bo less than enthusiastic about 
collecting data on performance, those who would improve sheep will 
have to find some w ay of engaging their interest or else build up and 
pay for breeding stocks themselves as tho poultry breeders do. Long 
established activities such as licrd testing which have in tho past 
depended on breeder cooperation, are likely to bo tho most intractable 
to modenuso. If adequate farmer cooperation is not forthcoming, now 
forms of organisation for obtaining data svill have to ho invented. 
Eventually, information svill liave to be paid for by those who want it 
and as it becomes more expensive and complicated to liandlc, tho 
question ns to who really wants it s\ill have to bo answered. 

To the individual hreeder, tho valuo of records may bo quite distinct 
from their value to tlio organisers of testing schomes, or to research 
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workers. Fanners unaccustomed to interpreting and using records at 
the times when they are of significance in husbandry or in breeding 
may, if they take records, obtain only the indirect benefits that are 
available to everyone, such as the use of progeny-tested A.I. sires or 
information from publication of research results. Some may in addition 
find that recording has a sales value even if the records are otherwise 
ignored. Thus, any student of milk records can find many herds in 
which a hull has boon allowed to go on siring daughters long after a 
progeny test has shown that ho is depressing yields by 50 gallons or 
more. With the intensification and higher capitalisation of farming, the 
proportion of such farmers might diminish as clearer distinctions come 
to be drawn between records useful in breeding and those with a 
hearing on eifioient management. Breeders who keep no performance 
records of their stock are, however, still very numerous even in dairy 
cattle breeding where they tend to bo found in the lower strata of the 
liierarchy. Provided that there is a sufiScient price offered by buyers 
for registered stock without performance records, suppliers will normally 
present themselves. They will come fi-om among those content with 
moderate to low levels of management and lacking a wish to have their 
stock tested or to use anything more than eye judgment in breeding. 
There may not be a very promising future for these suppliers of stook; 
still none but themselves can bo held responsible for misjudging the 
coming trends. Yet under the pedigree system the number of breeders 
in the lower strata far outnumber those who are genetically significant. 
There is, therefore, within breed societies a great weight of opinion 
and influence expressed by members who have little to gain personally 
from progressive policies. In the past, this mattered little, since the 
tempo of change was very slow, but such unbalance hampers the 
adoption of forward-looking policies. 

For breeders, the question whether to test or not is rather complex. 
The proportion of cows tested for milk yield varies irom about 60% in 
Denmark and Holland to 25% in the United Kingdom, and 16% in the 
United States. Many factors contribute to this variation, including the 
warmth of ofBcial encouragement. Wliere performance records are 
becoming or have become essential for top-class breeding stock, a 
decision not to test is a decision not to try to produce that class. Tliis 
has clear implications for the capital value and depreciation of a herd. 
Testing, however, may show' that a herd is of moderate to poor per- 
formance and such a discovery would have the same implications. It 
would not bo surprising if, after a little unfortunate experience of 
testing, some breeders of beef cattle and pigs dom'gratcd it, and pro- 
claimed the merits of eye judgment. 
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matters in connection irith tho merits of tho special Danish testing 
stations for tho daughters of dairy sires. In tho stations tho daughter 
groups can he ohsorved moro closely and accurately (at a price) tlian on 
tiieir homo farms. They can bo given knoim amounts of feed and are 
readily available as groups for judgments on conformation and tempera- 
ment. Pield data by contrast are less expensive and loss accurate in 
some respects but more plentiful. Furthermore there aro difficulties in 
interpreting tho results. Differences between sires are apparently 
larger and more heritable at tho stations than in tho field, and tho 
correspondence between station and field rankings of sires is far from 
perfect. In spite of tho fact therefore that tho stations exist to assist 
tho selection of A.I. sires, tho comparative merits of station data and 
field data are not to bo settled by the horitability of sire differences 
alone (see section on performance testing in Chapter 4). Xho vital 
question is the cost of a unit of progress, and into it will come the amount 
of selection practised and tho information on which it is based. An 
optimum solution might require a combination of testing methods os 
well as their refinement to coincide exactly with tho realities of bull 
selection. I^Tioro selection is in fact based on numerous criteria, the 
recording of performance may bo mainly of value for farm management, 
for investigational work, or for watching tho performance of an in- 
dustry, and only to a lesser extent for breeding, since simultaneous 
selection in many directions is designedly weak in any one of thorn. 

III. Pedigrees 

Pedigrees present another source of disagreement about tho amoimt of 
useful detail. In poultry reiy little attention is paid to pedigrees and 
what uso is made of them is largely aimed at avoiding close inbreeding. 
In. larger anln^ls there is mueh variation in tho amomt of detail 
sho'wn in herd and flock books: from none at all about females in somo 
sheep flock books to extended pedigrees with perfonnanee data on both 
sides. A common pattern for an individual entry consists basically of an 
ear number, a herdbook number, and a name of at least two parts (tho 
herd prefix and another referring to tho individual and sometimes its 
male or female ancestors). This is essentially a system of identifying 
inffividual animals. Each animat has a number stamped on it or attached 
to it and reference to tins number in a book listing all numbers will give 
access to supplementary information. Somo breed societies no longer 
publish a herdbook. A filing system and photo-copying provide a 
substitute. Others face the cost of printing extended pedigrees and long 
names. What information is wanted depends on who wishes to identify 
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animals and for -what purpose. A poKceman looldng for stolen cattle, a 
blood-grouper checldng pedigrees, tt-brecder and a buyer -will not thinic 
alike. Since breeders, however, design and pay for the herdbooks they 
naturally use systems which they hope will best serve their needs. 
Anyone else who uses their systems has scant right to criticise long 
pedigrees, herd prefixes or lack of legitimate performance data. 

Ever since Coates began compiling the Shorthorn herdbook, con- 
scientious efforts have been made by all breed associations to ensure 
that pedigrees are accurate. ‘As the difference between registered and 
non-registered animals slirinl^, the stratification of the breeding 
population makes it quite immaterial whether the animals in the lower 
strata have correct pedigrees, or, indeed, whether they have recorded 
pedigrees at all. For the business of sire testing no more is needed than a 
symbol to show what breeding population they belong to, and an 
identity number listed under their sire and dam. Even in the upper 
strata where identities and parentages may matter, the usual names 
have merely the purpose of aiding memory, advertising the breeder, 
and perhaps indicating membership of some saleable but transient 
concept of family. Pedigrees, however, still have a commercial value 
and as long as this remains sufficient, animals will be supplied with 
them, and money expended on recording, checking, and printing. 
Expenses of this kind seem to have no direct relevance to livestock 
improvement. Nevertheless, they may he acceptable as a charge since 
their existence is implied by the structure of the pedigree system. A 
social or political decision to support the system and help it to compote in 
the production of better livestock will entail meeting its costs somehow. 

With the advent of blood typing, it has become feasible to estimate 
rather closely the likelihood that the parents of a particular individual 
are as stated, provided all tliree animals are available for testing 
(Stormont, 1959). Since the tests are expensive to carry out, they will 
not ho requested unless there are compelling reasons. Some improvement 
in accuracy of recording parents may follow the more throat of blood 
typing. 

If organised crossbreeding and performance testing expand, those 
responsible for data processing may find it necessary to devise new 
systems of identifying animals siutcd to the uses to wliich they are put. 
As distant ancestors, farm and breeder fade into insignificance, corres- 
ponding changes in the identification sj'stom are likely. A greater nso of 
code numbers to indicate performance, sire, blood groups and locality, 
and to simplify classification and analysis can bo foreseen, since much 
of the need for identifidng animals >rill come from the recording of 
performance. 
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Pedigrees as pu^blislied have been disparaged many times in the last 
100 years or more, but they will continue so long as commercial breeders 
are still ^villing to pay for thorn. Pedigree breeders can bo expected to 
protest that the knowledge of pedigrees conveys much more to owners 
than the plain recital of names. Por them it sums up a breeding pro- 
gramme, and recalls a mental picture of developing animals, their 
relatives and their circumstances. This may well be so, but the argument 
weakens if pedigreo breeding itself lacks conviction. The test of merit is 
performance, not pedigree, and it is immaterial what a breeder s 
methods are if his stock are only average performers. 

IV. Publishing 

Tile publishing of data is not undertaken solely because of the use to 
bo made of them but also for other reasons, such as (1) to show that the 
collecting agency is working in an active and enterprising fashion, 
(2) to promote research, and (3) to provide an information service for 
btcodors (o g. pedigrees and associated information). In most situations, 
it is not easy to segregate these reasons, and they also vary in import- 
ance. Developmental stages of a now typo of recording, for instance, 
will bo followed by routine w'hcto research is no longer necessary. Some 
records, like wool tests, litter records, and milk production data, could 
bo of managerial value to all farmers, others, such as blood groupings, 
are not. Trimming publication costs is likely to require an assessment 
of the reasons for publishing when selected data on punched cards or 
tape are readily available to enquirem interested enough to ask for 
them. 

Altliough outlays on publishing data are perhaps not serious for 
publicly financed institutions, they absorb an important fraction of the 
funds of a breed association. One way of oaeaping from an iromcal 
situation in wMch a breed association pays heavily for protending that 
all members are important and constructive breeders who must have 
access to the data, is to encourage the idea that it is proper for the 
induatrj' as a whole to finance tins activity through some separate 
organisation Tlus is already practised to varying degrees in many 
dairj' industries (including that of the United States) and in the British 
pig industry. Ultimately, however, oven publicly financed institutions 
may uonder whether it is necessary to publish a great volume of 
records, including pedigrees, when only a few breeders are able to put 
It to good use Before selective publication is adopted, it will bo ncccs- 
fpT? theso few breeders and tboir j'oungcr replacements, 

rius achioveil, it will not bo long bcfoni tho science of breeding becomes 
as arcane os the art of breeding wa.s before it. 
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V. Computable Models 

Just as growth rate in swine is a character that is changing Irom being 
a means to being an end of improvement, so the mechanising of data 
handling has become a factor in deciding which data to collect and, 
consequently, which objectives to select for. The essential feature of a 
computer is speed, and it is therefore illogical to use one unless the result 
is a worthwliile saving of time, or what is the same thing, money. In due 
comse, the computer may he expected to work out its own diet. Already 
it is well understood that observations on animals have to be trans- 
formed and coded to suit it. The further step of adjusting the frequency, 
accuracy, and variety of observations to maximise the rate of progress 
in breeding (Dickerson and Hazel, 1944; Lush, 1945; ICing, 1955; 
Hohertson, 1967; Lemer, 1958; Smith, 1964; Skjervold and Langholz, 
1964) is only a short one for the computer itself to take. 

The necessity for giving computers their instructions may provoke 
more clear thinking about the the objectives of large animal breeding 
than there has yet been. In industries more advanced in computer use 
than agrioulturo, the concept of a “computable moder’ or mathematical 
description of a complicated process is commonplace. By means of 
such a model, the computer can simulate all the components, and if so 
instructed, actually control the activity at all stages. In genetic research, 
models have been set up for working out the results of breeding methods 
and to test complex hypotheses (e.g. by Fraser, 1962). 

Production equations and linear programming are by no means 
novel ideas in agricultmre (see Heady and Dillon, 1961) but their 
practical application is liindered by the lack of operational data. A 
forward looking industry will need to set up machinery to collect and 
analyse information on the oflfects of changing the amoimts, for example, 
of food, OT fertilisers, or labour, or breed, on output before it can use 
computers to the limit in planning. 

The liighest level of model making yet attempted is tlie description 
of the worlvings of an entire economy (Anon., 1964). Although such a 
model cannot take cognisance of future decisions of a political cliaractcr, 
it can work out the consequences of alteniativo decisions, l)^o^'ido 
information on the workings of the system, and expose intercloponclenco 
and feedback among its elements. Such a development may bo a distant 
prospect for agricultmc and for animal breeding, hut it ma^^ not bo 
long bcfoie those ■with a horror of social planning %rill novcrtholcss ho 
glad to SCO some coordination of tlio unconnected initiatives now 
characteristic of livestock breeding, 

Wimt has been said about the influence of macliincs on brcwling 
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applies also to statistical motliods. That tho problems of miimal 
breeding led Wright, Ltish, Robertson and others to contribute notably 
to the mathematical formulation of tho theory of heredity is now a 
matter of history. Tor a long time statistical tcclmiques were designed 
to fit existing practices in animal breeding hut tho process is now being 
reversed. Tew breeders, for instance, could now expound tho theory 
behind contemporary comparisons, let alone describe varietal types 
among them (Scarle, 19G4), but as a result of their uso there is a growing 
tendency to charge the expenses of anal^'sis, and storage of milk j*ield 
data, in excess of nbat is needctl for comparing licifer groups, against 
management instead of against breeding. 


VI. Evolution of Testing and Recording Methods 

Records servo many purposes nlueh can bo condensed into four 
categories: (a) selective breeding; (b) management; (c) research; 
(d) publicity. 

Some records can be put to all four purposes to some extent but tho 
proportions vary with time and eircumstanco. Rliat is worthwhile 
when a recording system is set up may become redundant as tho system 
provides tho basic data for its evolution, llliat is valuable for manage- 
ment (for example, data on fertility or body condition) may bo almost 
useless for breeding. It seems sensible therefore to liavo recording 
practices under constant review so that no superfluous data are col- 
lected, and no desirable data omitted. Those who do tho reviewing 
should include scientific persons familiar w ith advances in data handling 
in population genetics, and in methods of measuring performance. In 
tho past, recording techniques have at times boon allowed to become 
tmnecessarily expensive habits rather than sharp tools. To some extent, 
no doubt, this has been due to neglect, to compromising, and to distrust 
of scientists, 'miero recording is subsidised by tho general taxpayer 
there is also a political aspect depending on govcnunental attitudes to 
the financial support of fanning and especially to the idea that the 
farming industry is a desirable agglomeration of small units not able 



5. OBGANISATtON 


111 


farmers woulcl be willing to flnanee a new kind of testing about which 
they knew little. Moreover, developments, such as performance 
testing of sheep and beef cattle, cannot be expected to begin where 
herd testing of dairy cows began half a century or more ago. Those 
responsible will wish to employ the knowledge that has been gained 
irom dairy herd testing and modem data handling and they will want 
to see the data put promptly to work. Somehow, therefore, they must 
acquire access to facilities and finance that cannot be provided by a 
few enthusiastic breeders. Fimds will have to be provided by a djuiamio 
livestock industry if the large sinus put into research and development 
by successful industrial companies and the surviving poultry concoms 
are any guide to economic fitness. It will fall to large scale organisations, 
no matter whether private or public or hybrid, to accept the risks 
inlierent in new activities. 


TABLE 5.1 
of records 


Dairy cattio 

Pigs 

Consxis 

Census 

Podigroo 

Podigroo 

Colour 

Colour 

Jlilk yield 

Buttorfat % 

Protein % 

Typo classification 

A.I. conception rates 

Litter size and weight 

Progeny tost 

Progeny tost 

(a) on farms 

Pcrformanco tost 

(b) in testing stations 

growth rate 
food officioncy 
carcass quaUty 

Blood grouping 

Blood grouping 


Ho attempt is to bo made boro to discuss the numerous kinds of data 
that are collected. A list of some of the commoner categories of records 
collected from herds of dairy cattle and pigs will servo to illustrate not 
only the variety of rccord.s but also the kinds of lechm'ques and techni- 
cinus. Table •'i.l has been compiled in descending order in such a waj- 
ns to show roughly how dnla range from mere enmneration to the inlri- 
cacies of blood grouping: how the numlier of stock owners directly 
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interested grows smaller; and Iioir tlio obscn'ations require increasing 
skill and largo scalo orgamsation. Since the list is also approximately 
in order of practical application, it indicates how the methods used by 
pig and dairy cattle breeders have been modified over the last fifty 
years. 

Vn. Evolution of Breeding Methods 

The ovolntionary trend of breeding procedures in, livestock scoms to 
start with local populations of animals wliich develop a cohesion and 
later on a breed society or its equivalent. These breeds were often and 
possibly always built up on a crossbred foundation just as wore the now 
breeds of more recent origin. 

The second stage of the process is inlra-breed selection which comes 
when there is agreement on the objectives to bo sought in breeding. At 
the same time as this intra-breed selection is going on, there is a between 
breed selection which reduces to virtual insignificance all but a few 
prominent breeds. 

The tliird stage is the appearance witliin the dominant breeds of 
strains, sub-populations or isolates which lead to intra-breed botu'oon- 
strain selection, as a result of wliich, most of the strains are gradually 
eliminated. 

The fourth stage of the process is the inbreeding of these strains 
accompanied by a further stage of sub-division so as to make a number 
of inbred lines. The inbred lines in their turn are subject to the samo 
selection, either pure or in crosses. Tlie surviving inbred linos are then 
exploited in the form of lino crosses involving two, tlirco or more of 
these lines. 

In the United States and the United Kingdom she^ and cattle are 
predominantly at stage two, pigs are moving towards stage three, and 
poultry have reached stage four. Organisation has to develop to permit 
moving from one stage to another 

A rough comparison of the major classes of farm livestock is given in 
Table 5 2. It is intended to apply to both the United States and tho 
United Kingdom but fits neither exactly. How extensively a technique 
must be applied to rank as “widely used” is of necessity quite arbitral^'’. 
Tho mam differences, however, m both purebred and crossbred popu- 
lations are perhaps clear enough Poultry have a strong lead in organised 
crossing of selected strains Because they are individually of small 
value, are readily kept in large numbers, and multiply rapidly, they are 
relatively easy to mass produce. Given mass production, better breeding 
systems can bo designed It is not a question of a special genetic situ- 
ation; for there is nothing about their heredity to distinguish poultry 
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from otlicr animals. In all of them bizo and growth rate nro moderately 
liighly inherited as is the fat content of milk or meat. Fertility and 
\’iahility arc generally* of low hcritnbilit}' witliin breeds or lines as Table 
5.2 indicates. The hcritabilitics shomi thero, it should bo pointed out, 
are merely round figures representative of published values. 


T^lBbE 5.2 

A comparison of tht tnatn classes of farm livcsiock 
X ss iridr/y and effeclively used; ® ss minor use as yet 




Dairy 

enttio 

Beef 

cattle 

Pigs 

Sheep 

Poultry 

for 

eggs 

Poultry’ 

for 

moat 

CIoswl 

Kjo judgment 

X 

X 

X 

X 


X 

population 

Brectl Society 

X 

X 

X 

X 




Porformanco tost 

X 

R> 

X 

® 

X 

X 


Artificial insemination 

X 

« 

R) 


® 

X 


Family testing 

X 


® 


X 

X 

Organiflod 

Fyo judgment 

X 

X 

X 

X 


X 

crossing 

I’erformanco test 





X 

X 


Largo ecolo breeding 





X 

X 


Inbred lines 





X 

® 

' 

Control population 





X 


Approximate 

Amount of product 

30 

40 

40 

35 

20 

40 

Iicntobility 

Quality of product 

45 

30 

50 

40 

60 

30 


Reproduction and viability 

5 

6 

10 

5 

10 

10 

Ranking 

Vnluo of individual animals 

1 

1 

3 

4 

5 

6 


Reproductive rate 

5 

C 

3 

4 

1 

1 


VIII. The Handling of Records 

The methods followed in dififoront parts of the world to integrate the 
handling of records show much diversity. Some idea of it can be ac- 
quired from a small selection of countries with dairy industries. In 
Scotland, the functions of collecting milk yields, analysing them, using 
them for choosing and culling biills for artificial insemination, and 
keeping pedigrees, are carried out by four independent bodies which 
collaborate as and when they feel disposed. In England and New 
Zealand, all these functions, except pedigree registration, fall to the 
ililk Marketing Board, and the Dairy Board. Details of organisations 
in fifteen European countries can bo found in O’Connor (1962). Breed 
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improrcmcnl in tho U.S S.R. is implcmrnted by ibo Sinto Popartracnt 
of Inspection for Browl Improvement njul IJenlbooKs. Its functiojw 


] Ef“p'cyeri 



Oecitisrif 
jateta Wunc I ConiJitfij 


o«io 

pfocewiflq 


Monegemen 

— 

Pfinling 


Aammislrotion 
Milk recording 
A I $1atisl>c» 

Pfogenr »ej»ng 
ProdociiOB forecot’s 
FerlUitf eonfrol of b«Hi| 
Herdbooh 

Cenirot oenen bonk 
Monthly iournot 
Solory negotiation 
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a summary of treed performance. Scientific institutions are charged 
■with raising productmty, improving existing breeds, and making new 
breeds, and it is from the broad ties between agricultural science and 
practice that the successes of animal breeding in TJ.S.SJl. are believed 
to have come. 

Integration has been acliieved in Sweden in another way. Kgme 5.1, 
adapted from publicity material of Swedish Livestock Management, 
shows how the several farmers’ organisations interested in milk records 
and breed registrations have combined to form a board which carries 
out on their behalf a wide assortment of activities ranging from herd 



Fig. 6.2. Breeding and production organisation of tlio Jlilk Jlurketing Board of 
England and Wales. 


testing to puWisliing liordbooks. By so doing, it relieves the farmer 
organisations of tocimical supormion of staff, computers, printing and 
other specialised processes. They have, of course, to finance it, but by 
combining they achieve more at less cost than they could by indopon- 
dont action. Apart from pedigree registration and publication, the 
English arrangements have much in common but they aro achieved 
through a milk producers' board (Fig* 6.2). lYonds in all countries are 
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a-n-ay from tho original fiimplo herd rccordu that were loft in a raw 
stato for tho farmer to interpret as best ho could. Thcro^ arc sovoroi 
reasons for this. Tho needs of tho artificial insemination indastry for 
data in hull performance, and tho exigencies of research on tho charac- 
teristics of cattle, individually and in groups have brought about the 
use of expensive machines to copo quickly with incoming data. Almost 
as a by-product, tho herd-owner benefits by a faster Bcnnco, more 
detail, and statistics wliich enable liim to compare his herd with those 
of other oivners. 


tX. Organising Breed Improvement 

In this chapter, so far, certain aspects of tho technicalities of recording 
data to ho used in breeding plans have been discussed at tho level of 
tho farm or breed society, or of a small co-operative. For a govem- 
mont or an industry there are other considerations wliich arc rarely 
ventilated, although they must have arisen in Scandina\'ian coimtrios 
with higiily integrated livestock industries. 

Comstock (1600), in discussing breed structure in pigs, illustrates 
some of tlieso problems. Ho bogs tho question of how to maximiso 
selection within purebred populations by assuming that podigreo 
breeders will continue to bo an essential part of tho process, in spite of 
the fact that they are mainly concerned witli tlioir own financial ad- 
vantage and not wth maximising selection. However, witliin tliis 
context, ho considers what could bo done to improve progress on tho 
premise that selection srithin breeds is far leas effective than it could bo. 
Market hogs in the United States are mostly crossbreds derived from 
purebreds and their standard of i)cribrmanco is therefore dependent on 
the standard of tho purebreds. On present evidence, swine could bo 
improved fairly quickly in carcass quality, but selection for litter size, 
growth rate and feed efficiency has dLsappointing, and the outlook 

is tmpromising. 


2. a more extensive study of crossbreeding and a dotermined 
search for breeds that cross well; 

2. more intensive selection within purebreds; 

3. more research on the improvement of the parents of tho cross- 
bred, known as selection for combining ability; 

4. now breeds. 

th(»o proposals have led to some action in the past but not enough. 
Imtiativo is still needed on a large Beale and in places where it matters. 


Comstock proposes the following methods of dealing with tho problem 
improvement: 
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A vast comparison of breeds and crosses is conceivable if the facilities 
and personnel coidd be drafted to carry it out. More intensive recording 
of herds and larger selection differentials are possible but unlikely unless 



Fig. C 3. FjisOTtmlj of inilMlrinl orgimtsnlion of brrwling. 
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industrial scale. Obviously, a breed assoeiation of the traditional kind 
uill not suffice. Something now is needed. It eould develop out ot 
o.visting associations, or from now ones such ns tho Performance 
Eogistry International uluch eneonrnges performance testing of beet 
eattio in tho United States. Dairy boards and artificial breeding 



|6ieed>n9| 

juulliphcalion 

t 


Fig 5 4 Organisation of animal breeding in Czechoslovakia {based on Bder, personal 
communication). 


Organisations might establish their oim testing, pedigree registration, 
and breeding departments The existcnco of such a body or bodies is 
no assurance that a poUcy -mil bo laid down and tho finance provided; 
but Its absence means that them mil bo neither. Whatever the precise 
origins and characteristics of the system adopted, it has to provide tho 
essentials of tho industrial organisation of breeding as shown in Fig. 
5,3, more fully discussed in the section on integration of services (a 
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comparable diagram for a Central European socialist state is shown in 
Eig. 6.4). 

In the United Kingdom a Pig Industry Development Authority was 
established in 1957 and financed by a levy on carcass meat. The 
Authority, now to be absorbed by a Meat and Livestock Commission, 
consists of seventeen representatives (two for pedigree breeders, four for 
commercial producers, one for agricultural employees, two for bacon 
producers, one for bacon distributors, two for distributors of fresh 
pig meat, one for manufacturers of pig products other than bacon, one 
for employees of processors, marketers, and distributors of pig products, 
and three independents) and their function is to promote breeding, 
production, grading and marketing. Of Comstock’s four proposals, 
which have as much validity in the United Kingdom as in the United 
States, only one has so far received substantial attention fi'om the 
Authority. Efforts have boon made to encourage progeny and perform- 
ance tests; and the next step is to persuade breeders to apply the data 
to selection (Smith, 1966). As logic requires, there is a plan to build up 
a new stratification of the breeding population based on porformauoo 
testing to replace the old one based on official breed typo. But it is a 
slow process. Enough breeders and the necessary buyers of stock have 
to be weaned off the old system to make the new one viable. 

Although individual members of such an Authority may bo enthusi- 
astic about their duties, if they represent diverse interests -witliin the 
industry, their not ofifoctivoncss may be small. Sceptics would wait to 
see whether, having willed some of the moans of serine improvement, 
the Authority also willed the ends. 


X. Local Varieties and Importations 

As the speed of transport has orison, the idea of a locally adapted 
brood has tended to change. For the purpose of animal brooding, the 
size of a locality has boon groning imtil whole countries have to bo 
regarded as more localities. Wiso as it may bo to look askance at claims 
of special adaptation to local circumstances (for instance, broods of 
beef cattle, such os Welsh Blaclm and Higldand cattlo are characteristic 
of certain regions, probablj' more because of tradition than of any 
biological pconliarities), it should bo remombored that at least some 
forms of local adaptation are boimd to have a genetic basis. Evidence 
of gcno-controllcd aberrations of metabolism, and of hereditary varia- 
tion in Bu.scoptibility to deficiencies of diets and to infections (Hutt, 
1058) is abundant. Progress in nutrition and veterinary science « ill find 
sraj-B of adjusting enrironments to avoid exjiosing genetic rvealaiesscs. 
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but there remain local hazards of heat and cold, food Bupplicfl, and 
diseases (note postulate G, in C3iaptor 3) that will roquiro locally 
adapted stock, especially when extensively kept. 

Breeds of domestic livestock, and man liimsclf, have flourished under 
many environmental conditions. Tlic Americas, Australia, and Now 
Zealand have ali foimdcd their livestock industries on livestock from 
the Old IVorld. Even in Britain, there may bo no signiCcant breed to-day 
that is not wholly or partially of immigrant origin witliin the last 
200 years. In recent years, the introduction of Landraco pigs and 
Eriesian cattle has been of benefit both directly from their porformanco 
and indirectly by the stimulus to pig and cattle breeding. Thoro arc 
good reasons thcroforo to exploit and rationaliso tho exchange and 
testing of breeds and crossbreds between countries ns suggested in 
Chapter 8 (see also articles by Lirsh and by Diillips, in Hodgson, 1901). 
In tho not very distant future there may w ell bo international centres 
or schemes for comparative trials. 

iligration works best when stock moves ton ards better conditions 
as in stratified sheep industries. In tho reverse direction, adaptation 
takes longer. Although tho proq)cct8 of obtaining now and desirable 
genes from really exotic varieties may glitter, they may bo a long way 
off. History gives many warning?? again.st too great an optimisni in tins 
respect. The failure of British breeds to establish themselves in India 
and other tropical countries has not been for want of trying, nor has 
tho failxire of tho fifty-year-long attempt to develop a hybrid of cattle 
with buffalo that would show improved hardiness and productivity in 
Northern Canada. 


Eor tho winners of tho battle of intensively reared breeds, a world 
market is the prize. Livestock industries, if they enter this battle, need 
to be oTgaiused accordmgly. It wiW not bo won by advertising unless 
backed by convincing performance data. Tho other side of this coin 


shows that, unless protected by regulation, local or national breeds will 
bo subject to competition from abroad. This should encourage animal 
breeders in one country to match improvements in other countries, but, 
m spite of the historical evidence of tho value of importations, their 
beneficial influence has been aUowed to work only sporadically in the 
past. Until Charollais bulls were brought to England in 1901 and given 
an extensive tnal by the Slilk Marketing Board with the aid of artificial 
inse^ation, no adequate test of an imported breed had ever been 
conduct<^ m Western countnes. Even this test was conducted only on 
CTossbreds Still, as the successful emigrations of many breeds of livo- 
rtock have aheady shown (for examples, Jersey cattle, Merino sheep, 
thoroughbred horses and United States-bred poultiy), breeds m 
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possession of a territory cannot rely on their adaptation to local con- 
ditions to protect them firom invasion from abroad. In addition to being 
adaptable, the invaders may be supported by good records of perfonn- 
ance and the power of big business. 


XI. Integration of Services 

A fully integrated scheme for the breeding of livestock would, on present 
knowledge, have the basic structure shown in Tig. 6.3 which puts in 
diagrammatic form the stage which has already been reached in 
advanced industries. It also exposes the points at wliich the less 
advanced industi’ies have fallen behind. How quickly these can catch 
up is a matter of political and social attitudes to change and they are 
not the same in all countries or for each type of livestock. The arrange- 
ments for obtaining finance and determining policy are crucial since 
all the rest flows from them. In the figure, five separate possibilities for 
ensuring the necessary financial basis are shown. These are not intended 
to be mutually exclusive or to be exhaustive. If, however, tlie finance 
and policy are provided by a single corporation (for example a dairy 
board, an artificial insemination organisation or a government), all 
stages of the process of breeding and distribution of livestock would bo 
influenced, if not %vhoUy controlled by that corporation. All its costs 
would ultimately have to bo paid for by those who bought commercial 
stock as semen or as animals, or by the general taxpayer. 

It will be observed that tliis scheme is not dependent on the improve- 
ment acliiovcd in the course of breeding of livcstoclc. In tliis respect 
it does not diflfer in any essential from the pedigree system (which is 
included in the figure). The main deficiency of the pedigree system is 
that it is inadequate T^ith regard to finance and policy. In consequence, 
the activities described as information and breeding fall short of 
national needs in objectives and in scale. 

As more providers of services, breed associations seem to have a 
rather iminspiring future. If they can make the transition to organised 
and centrally directed brooding, they ■will bo users of scn'iccs (and 
scientists) and will bo compotitiv’o with other largo organisation.^. This 
scorns one way to o.xploit the skills and interest of the individual 
breeder as well as to pro'vido insurance against tlio possibility that the 
largo brooding organisations ^rill become as conservative as breed 
associations are now. ^^^lethc^ or not breeders collectively nccoj)t llii.s 
challenge, the stratification of nniiiiaks by performance is bringing out 
a now class of elite breeder nnd, tlms, of breed Kociet 3 ’ administrator 
and councillor. Funds ill be increasingly* diverted towanls pcrfonnanco 
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trials and the incidental costs, and aTvay from the lower ranks that 
contribute no genes to subsequent generations. No doubt such a 
metamorphosis of breed societies would offend some of their members, 
wlio might prefer to stiflo competition in their old sphere of influence 
in animal breeding, exercise an authority they do not possess, and enjoy 
a status they have inherited But the yormger members will sometimes 
risk tliis disapproval. 

If applied research and development become a cliargo on the in- 
dustry' which profits by thorn, they should include organised comparisons 
of breeds and crossbreds Breeding institutions could use tliis kind of 
service in the roakii^ of the now elite and multipliers’ herds based on 
performance, and possibly inbred lines, or lines developed by recurrent 
selection Should control of genotype-environment interaction al so yield 
to research, another need may arise for gpccialised lines and the services 
required to keep and exploit them. 

On a longer view, gonctical engmocring and euphonies (see Cliaptcr 9) 
will also fall into this category. 3Ieantimo, however, the mam’pulations 
of the physical basis of heredity and the biochemical adaptation of 
environmont to extract the best out of existing genotypes have still to 
bo achieved by research workers Meantime, also, tho industry still 
awaits the application of computer technique to comparatively small 
scale enterprises, as, for instance, to a single breed association running 
a cooperative breeding venture, and using a miniature computer for 
drawing instantaneously on a central fund of knowledge of markets and 
their effect on breeding aims, as well as of porfonnanoo tests. It may 
not have to wait much longer. 
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The development of breeding methods did not proceed synchronously 
in all classes of animals. However, until recently, the histories of 
breeding of the various kinds of livestock were similar enough to allow 
a rather general survey to be made for all of them. 

I, Historical 

From Aristotle onwards, animal husbandmen have never boon at a loss 
for theories on breeding. Berge (1961) has traced them -with a touch of 
humour and a fine detachment. At all times there have been groat 
authorities and from them or their followers it is possible to learn how 
the doctrines of breeding have changed since the Jliddlo Ages. It is 
convenient to begin with the coming to Britain of the Arab horse in the 
seventeenth century. About tius time, breeders, after having crossed 
the imported horses with those locally available, adopted a belief in 
purity of pedigree. Then there were Buffon (1708-88) who advocated 
systematic crossbreeding, and Candolle (1778-1841) who thought that 
some parts of the body were govomeU by the dam and others by the 
sire. 

BnUowoll (1725-95) and others of Ids day do not seem to have been 
much influenced by earlier authorities but they laboured with clear 
objectives and strong selection in a population with plenty of gonotio 
variation. Bakowoll was a pragmatic sort of man, a man of methods 
rather than of principles. Authors who reported on his methods wore 
obliged to infer Ids principles from Ids practice since ho made no 
statement of them Idmsolf. It has been said (as quoted by Youatt, 
1834, p. 191) that ho based Ids work on choice of brcorl, beauty- and 
utility of form, texture of flesh and propensity to fatnc.ss, and gave 
olTect to it by mating like to like, oven if rclate<I. Until rocentfr, many a 
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■breeder of meat animals would have subscribed to this philosophy. It 
hardly amounts to a revelation of breeding secrets, and this is small 
wonder, for Bakeu ell could have had none. His friends provided him 
with some Emperor’s clothes that have worn well. One far-sighted 
writer, however (see Youatt, loc. ciL p- 192), commenting on Bakeweli’s 
passion for early maturity, small bones and thick layers of fat ohserved 
that “Having painfully, and at much cost, raised a variety of cattle 
the chief merit of which is to make fat, he has apparently laid liis 
disciples and successors •under the necessity of substituting another 
that nil] make lean.” It is as true now as in the eighteenth century 
that those who breed the elite and significant animals are but products • 
of their day and generation. Their aims are bound to bo superseded 
but no one knows by -which others for there is no predestination in 
evolution. 

In 1794 George Gulley reflected “Could any of these people he 
prevailed upon to make an exx>eriment, they would most probably find 
that exccllonco does not depend on the situation or size of homs, or on 
tho colour of faces and legs, but on other more essential properties.'* 
Ho 'u ould find that although this is now kno'wn, it is also kno'wn to be an 
expensive and possibly unrewarding business for the unaided breeder 



6. liAEGE SCAIiB BEEBDlm} 


125 


still being used (Briggs, 1958). As with the preceding notions, tins one 
had elements of truth in it, which are referred to now as homozygosity, 
dominance or epistasis according to the kind of gene action involved. 
Erected upon this rather small foundation, however, were some theories 
about the prepotency (and thus the desirability) of particidar animals, 
or breeds, which seem likely to have transcended the reality or else to 
have misinterpreted sampling errors. 

In 1859, Darwin published “The Origin of Species”, and in 1865, 
Mendel the results of his studies of inheritance in garden peas, but they 
had no immediate impact on animal breeding. Galton (1822-1911) was 
also ignored, although his quantitative approach to variation among 
relatives could have been valuable. That had to wait for Fisher, Wright, 
Haldane and Lush m the period 1918 to 1939. 

While the founders of modem population genetics were being dis- 
regarded, breed societies and herdbooks were growing in strength. 
Studbooks began with the first volume of the General Stud Book for 
horses in 1808, and was followed by the Coates Herd book for Shorthorns 
in 1822. Diuing the next hundred years many more wore started. 
Mason (1967) names 24 cattle breeds, 16 pig breeds, 21 horse broods 
and 33 sheep breeds in Great Britain (Colburn, 1903, lists 43 broods of 
sheop). In tho United States of America tlioro arc almost ns many. 
Rice et al. (1957) give tho addresses of many Livestock Registry 
Associations- 26 for cattle, 10 for sirine, 22 for horses and 25 for sheep. 
Most of these societies or associations still subscribe to tho principle 
that pedigree allied to tho use of eye judgment for securing adlioronco to 
formalised breed type is tho basis of successful breeding. Tliis formalistic 
approach is intellectually related to tho typological view of systemntics. 
For tho typologist the tjpo is real and tho variation an illusion, wlulst 
for tho populationist the typo (average) is an abstraction and only tho 
variation is real. Replacing tho static idea of typo by tho djmamio 
notion of an interbreeding population moving orraticnlly and at 
changeable speeds towards an unknown futiuo is ranked by JlajT 
(1903) ns perhaps tho greatest conceptual revolution in biology-. 

Tho beginnings of systematic research on tho genetic aspects of 
animal breeding arc of recent origin. Important ns they -n cro in moulding 
tho thinking of breeders, tho I’onnycuik o.vperimont.s of Cossnr Ewnrt 
carried out in tho period 1890-1901 do not really fall into tho stream 
of genetic rese.arch on methods of animal improvement. In fact, eon- 
sidcrnblo strides towards attaining to<lay’s standanls of excelicnco in 
many kinds of animals wero made in pro-JIendelian days, and it mavlm 
s.aid that there was genetic research beforo genetics itself was horn. 
Tho roots of research in animal brwuling nro to bo found in empirical 
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St was, however, the coming of population genetics which pvo the 
greatest impetus to the development of aiumal breeding ’nvcsriptioim. 
Though the foundations of the theory and analytical metho^ oi 
population genetics are usually attributed to the triraty of Pishw. 
Haldane and Wright, it was tho last who played the most important 
role in bringing quantitative genetics into livestock improvement. JNO 
only "was he Mmself active in animal breeding (having served as Aiuma 
Husbandman in tho XJ.S. Department of Agriculture befetro becoming 
a Professor of Zoology), but it -was his formulations upon which Lush, 


tho greatest exponent of this approach, built. 

The influence of Lush on tho development of animal breeding 
research can hardly be exaggerated. Since tho first appearance of 
“Aiumal Breeding Plans”, hundreds of investigators trained direct^ 
under Viim or under his students, have followed his lines of research. 
Probably no research institution in the Western world which deals with 
the genetics of domestic animals lacks one such worker. Contributions 
from the school of Lnsh have been many and significant both from the 
theoretical standpoint and in application to breeding of all closes of 
livestock, poultry, and more recently, fish. 

It was not only becanse it elaborated the inheritance of continuously 
distributed traits that population genetics became important. At leart 
two other factors played a highly significant part in the spread of this 
school of thought. One was the possibility of generalising the theory of 
quantitative inheritance and so justifying the wider use of rapidly 
breeding animals such as nuce, rats. Drosophila, Tribolium or quail for 
reaching conclusions relevmit to larger animals. The other frictor "was 
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the development of statistical analysis ■wliich could be applied to 
existing accumulations of data. For some purposes it ^ras therefore 
unnecessary to wait for several generations of breeding. 

An attempt at summarising recent evolutionary liistory of s'vvine 
breeding has been made by Comstock (19G0). His choice of important 
developments during the last century will serve for all classes of stock. 

1. Formation of standard pure breeds and registry associations. 

2. Development of Mendelism and population and quantitative 
genetics theory. 

3. Recognition of the value of cross-breeding. 

4. Renewed breed formation and the foimding of the Inbred 
Livestock Registry Association. 

5. The shift of emphasis in selection to economic traits. 

G. The analysis of selection effects. 

7. Jleasuremonts of backfat on live hogs. 

Other compilers might make a different and shorter list. The next two 
items on liis list could be the general adoption of performance testing 
for breeding stock, and the building up of largo breeding populations 
under unified control. 


II. Functional Stratification 

Largo scale breeding, like any otlior significant evolutionary or oulttiral 
change, can only take place when the circumstances are right for it. In 
a complex industrj’’, such as livestock production, a change of tliis 
order causes repercussions in many directions and calls forth strong 
reactions. For understanding recent events and for assessing their 
iufluonco, it is as well to consider briefly the existing organisational 
Btructiuro and the modifications of wliich it is capable. 

There are now tluco lands of fimctional stratification in animal 
breeding that are casilj’ recognised. Firstly, there is stratification on 
the basis of geography and land use (Nichols, 1057; Epstein, 1905). 
Secondly, there is stratification by reputo, immol}' breeders of olito 
herds, multipliers and users of non-rcgistcrod stock (sco Chapter 7). 
Although originall}’^ tliis kind of stratification was based, or was intended 
to l>o ba‘?cd, on the pcrfomiance of animals, it 1ms gnulimlly come to 
•'PPly to the performance of the breeders themselves. Pcrformanco 
ft ratification is now being re-established oa progeny testing and selective 
brooding from proven sires lend to tlio formation of highly fc!ecto<I 
strains and derivatives of varying degrees of relation'»hip to them. 
There may well bo a fourth t;iq>o of stratification in the near future if 
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stock prove deficient in some respects. Long contmued selection unUCT 
range conditions has produced genotypes that in some ways are we 
suited to intensive conditions, for example, in fertihty, teroperame , 
or fleece typo as the use of range or hfll ewes for lowland crossing shows. 
In other u ays, however, they may have become unsmtable, notably in 
growth rate or conformatioiL ^ - 

Dairy cattle, pigs and poultry are reared under a wide variety oi 
conditions, a variety that is probably greater than is reaUsed, since so 
httlo Is known of the minor challenges to health faced by hvestock. 
Sheep are still markedly regional in dL'rtnbution (see Portal and Quittet, 
1950, about Prance, and Lall, 1956, about India) Tradition is important 
here, but adaptation by phj riological or psychological means such as 
temperature regulations or behaviour m bad u eather respectively , may 
sometimes be critical. In contrast to the menno, which apparently has 
a compulsion to go on producing wool protein even when underfed, 
other breeds, at home in re^ons where a regular winter shortage^ of 
food coincides with pregnancy, may be found to reduce wool production 
and to exploit protein catabolism to help them survive. 

To manj’ people the most striking effect of geography and land use 
is to he seen where mtensive cropping excludes all livestock. But the 
clas-sical form of stratification is shown uhere sheep migrate from less 
to more prcxluctive land and change frxim purebTeeding to cross- 
breeding m the transition (Hg. 6.1). The eastward movement of 
Western ewes for cros.sbred lamb production in the United States, and 
the downward moi ement of ewes in Britam from poor hill grazings to 
land capable of producing fat lambs are well-kno^vn. An extension of 
tlus system has been forecast for the supply of suitable en c?s for indoor 
production of lamb on the principle that the breedmg ewes should bo 
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reared on land that is cheaper than the land they are in tnm to rear 
market lambs on. 

To imite the advantages of cheap breeding stock with the higher 
performance that their offspring can show when food supplies are more 
liberal, it is necessary to use suitable rams. They must combine with 
the ewes in such a way as to produce a crossbred lamb appropriate to 
the market. Consequently, they need to be complementary to the owes, 
rather than excellent in themselves. To meet varying requirements 
there is a range of breeds specialising in the production of these sires of 
which the Hampshire and the Suffolk are examples. Extremes of size 
are to be had in the Southdown and Oxford, and an extreme in wool 
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numliers of draft ewes from the hill land are well balanced with the 
demand from low land and have at no time far to travel. These draft 
ewes become of crossbred ewes sired mostly by Border Leicester 
or Suffolk rams as is shown diagrammatically in Pig. 6.1. Apart from 
heterosis, the object of the crrossing is to produce a ewe that has the 
size, fleece, fertilitj’ and milk production needed in the mother of a fat 
lamb. It might be hard to find a more complicated task than improving 
the sire of such a ewe. Yet it might not be wise to be intimidated by it 
since changes in jast one trait might be meful. The real problems are to 
define the aims and to obtain the necessary data. 

Two forms of stratification bj' performance have appeared since the 
war, and both are the products of research. The first arose from the 
orgaiused crossing of inbred lines of the same or different breeds of 
ponltrj’ in one or more stages to produce the final broiler or egg-layer. 
Although comparatively poor performers themselves, the inbred lines 
merge successfully in the making of birds that accurately meet specifi- 
cations, which may include failure to reproduce. Dairy cattle are far 
from emulating poultry hut are nonetheless near to establishing the 
second form which is a ranking on the basis of their relationship to 
outstanding sires found by progeny testing and artificial insemination. 
Now that it has been shown that the most likely source of good bulls 
is the offspring of proven sires mated to daughters of proven sires 
(Robertson, lOGOa, Carter, 1962), it is a short step to segregating (on 
paper and on farms as well) the animals which meet these qualifications. 
Together with their descendants they can bo maintained by a continu- 
ation of the same process. With several such groups, independent 
regional policies can bo followed. If these policies result in the creation 
of a sot of sub-breeds or lines witlun a breed, then orgaiused crossing 
between lines becomes a possiblity as well as the classical inter-group 
selection process. 
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may be different from those which wdll be important in larger animals. 
Artificial insemination, for instance, a powerful influence in this 
direction in cattle, played no significant role in the poultry revolution. 
But the basic causalities are the same and spring from the necessity for 
greater efficiency in food production, as outlined in Chapter 2. 

As late as the beginning of tliis century poultry breeding as a business 
was oriented primarily on poultry shows in which merit was judged by 
conformity to the breed standard. Commercial qualities of poultry 
were not being measured precisely and contributed very little to the 
standing of a breeder as a source of stock. There was a great number of 
different breeds and the numerous breeders propagating them had their 
reputations established almost entirely on ■winnings at poultry shows. 
Most of them were back-yard fanciers, and poultry for food production 
was only a part-time occupation wliich provided pin-money for the 
farmwife. Little by little, however, commercial exploitation of poultry 
as an important source of food began to develop. Following the in- 
vention of methods for storing, packing and distributing eggs, special- 
ised egg-producing farms began to arise. Shows still dominated breeding 
but, in addition to classes judged on breed standards, so-called or mis- 
called, utility classes were introduced. Li these, merit was measured on 
certain assumed rolationslups of physical appearance to production 
qualities, relationships wliich later wore demonstrated to bo fallacious. 
An oven more important development was the spread of cgg-la3dng 
tests in the nineteen-twenties and thirties. Those o.xistod in two patterns, 
based either on the production of indiridual birds, or on the production 
of iKjns of ten to tliirteon pullets, entered by breeders in contests con- 
ducted by state agencies at central locations. Individual performance 
uas recorded for a year by trapnesting. The breeder liimself decided 
wliat birds ho uould enter in a test, the only qualification for entry 
being conformity uith the breed standard. The ranking of competitors 
ill a test vas determined mainly by the number of eggs laid by a pen 
and replacement of birds dring in the course of the test vas often 
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test ■dinners themselves. Great emphasis in such sales was placed on 
pedigrees and on oven remote ancestors. 

In the nineteen-twenties and thirties, recording schemes, or record- 
of-pcrformanco tests on the breeders* own premises under Government 
inspection, were started. Not only conformity to breed standards but 
also certain pedigree requirements were instituted as conditions for 
entry. Adding egg size to the qualifications for certificates of performance 
also characterised this stage. Disease control, especially of puUorum, 
carriers of wMch could be identified by agglutination tests, was also 
introduced as a condition of official recognition of breeding and pro- 
duction quality. 

^leanwhilc, the perfecting of mammoth incubators, the introduction 
of mail shipment of baby chicks, and the building of large plants for 
the commercial production of eggs supplying the increasing urban 
population, led to a stricter competition between breeders themselves, 
and also made them direct competitors of the previously existing 
middlemen’ the mtiltipliors and hatcherymen. Eventually both of 
those classes disappeared from the stage as independent operators. 
Their functions are now performed either by the breeding establishments 
themselves or by subsidiaries working on the franchise or licence 
system in which the immediate parents of chicks supplied to the cus- 
tomer are produced imder the supervision of the licensor. Indeed, the 
majority of the breeders who survived this change and stayed in the 
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need for objective measurements of economic worth of the actual 
product sold and not of breeder-selected samples tested in the standard 
egg-laying test; (3) the development of the hybrid and crossbred fowl, 
which spelled the death of breed standards in commercial industry; 
(4) the self-accelerating phase in the growth of individual establish- 
ments and the accompanying reduction in their number. 

The stimulus to employ professional geneticists arose from the 
desire of a few pioneers who vdshed to put their selection and mating 
procedures on a firm scientific footing. It was John Kimber of California 
who over a third of a century ago foresaw the future of commercial 
poultry breeding enterprises as big business with a scientific approach 
in every step of operation. The success and rapid expansion of liis firm, 
in part due to the methods he adopted and in part, of course, to his 
personal managerial ability, has led others to accept his philosophy. In 
the early years of this development, commercial firms raided univer- 
sities and experimental stations for staff. Certain changes in post- 
graduate training to supply the now market for the industrial geneticist 
(openings heretofore restricted to plant breeders) also occurred. At 
present an equilibrium probably exists. Since tlie number of inde- 
pendent breeding establishments has been drastically reduced, the total 
number of geneticists employed by the industry is probably no longer 
incrcasmg rapidly. 

The rise of the random sample test deserves notice. The principle is 
to test for production qualities largo samples of the actual stock that is 
hoing offered for sale by a breeder, rather than to evaluate selected 
small groups chosen by the breeders themselves, groups wliich may have 
no genetic relation whatsoever to the birds being supplied to the cus- 
tomer. Kandom sample tests had been advocated by Hngodoom (1927) 
for nearly twenty years before they came into existence in America. 
Shortly after the last world war an experimental random sample test 
was organi*5cd in California through the initiative of poultr^unen, 
breeders and oxporimontors. The system 1ms gradually spread through- 
out the "United States and Canada. Whatever the original initposo of 
the random sample tost, it Iiad a considerable effect on the stnicturo of 
the poultry* industry by leading to the virtual extinction of the small 
breeder. M'lmfc happened uas that castorners fendetl to fake the pub- 
lished rcsxiUs of the early random .«mmplo tests too literally and acco])tod 
the ranking as measmsng the exact order of genetic merit of stocks 
offered for sale by the ^*nriou.s entrants. Tliis meant that, if, by chance, a 
small breetler did not gain a very lugh place in the lest (even if this 
rcfleet^xl only an cnviromncntnl comi»oncnt in the pcrfornianpo of his 
stock), be could lose so many fmles to liis larger com|>otitor tliat he 
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could not survive. In contrast, a large breeder -vdth capital reserves 
could afford to contract his business temporarily if ho did not succeed 
in a test in one year, and later expand rapidly so as to capitalise on a 
chance vfin.. The process of breeder extinction in the manner that 
statisticians call a random walk uras thus initiated. 

Attempts to reform the tests so as to make them less of a competition 
and more a quality control measure (for example hy issuing labels^ to 
breeders meeting certain standards ^vithout necessarily publicismg 
their actual performance or rankings) were only partially successful. 
Dickerson (1962a) has reviewed the changes wWch have occurred in 
random-sample tests since their inception with respect to their avowed 
purposes, their numbers, their reliability, and the eventual use of 
information obtained from them. These tests are expensive to carry 
out, and the justification for them must vary with the stage of evolution 
of a poultry industry. When there are numerous breeders and breeding 
stocks of unknown merit, the tests perform a valuable service in 
comparing them under standard conditions. As time passes and the 
surviving stocks become closely similar in estimated total economic 
returns (less feed and chick costs), it grows progressively more difBcult 
to identify superior lines, notwithstanding larger samples and repeat 
tests in several states. Furthermore, influences other than genetic 
merit, such as transport costs, advisory services, and personal contacts, 
play an important but imponderable part in determining a buyer’s 
choice. The random sample test helped to establish the crossbred chick 
and the large scale breeder, but having done so, it needs a new purpose 
if it is to survive in North America Elsewhere, its value is for the time 
being more apparent. 

The increased utilisation of crossbred or hybrid (a cross between two 
inbred lines of the same or different breeds) has had a tremendous 
impact on the poultry breeding industry. Byerly (19G4) estimates that 
two-third-s of all broiler chicks produced are crossbred, while 70% or 
more of all breeding flocks in the United States are either hybrids or 
crossbreds. It is impossible to tell now whether the same amount of 
effort expended in the improvement of large closed flock populations by 
selection would have produced better or poorer results, but the exceed- 
ingly skilful exploitation of tlio hybridisation techniques by their early 
developers lias forced most surviving breeders of poultrj' for competitive 
reasons to apply the same methods. 

All of these factors have been influenced by and contributed to the 
fourth one, the increased size and drastically decreased numbers of 
brecthng establishments Apart from the simple fact tliat the successful 
tirm ordinarily expands at the expense of its less fortunate competitors. 
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a critical mass is needed in order to obtain a certain rate of improvement. 
Only a large enterprise can sustain widespread advertising and permit 
the breeder to develop the expensive inbred lines and to employ 
professional planners and managers. Air transport of clucks and the 
franchise system have made this possible. Lemer (1962) noted that 
some thirty-five years ago in the Province of British Columbia with a 
total human population of imder tluree quarters of a million there were 
more than one hundred breeders of egg-laying stock. This is to be 
contrasted with the twenty-nine members in 1962 of the Poultry 
Breeders of America, which is the association covering both the United 
States and Canada and includes not only breeders of egg-laying stock 
but also chicken meat and turkey breedem. It may be added that the 
1963 membership roster of the same organisation was reduced by some 
10% to a total membersliip of twenty-si.v. Because of the high capital 
investment which is now required to enter competition in this field, it 
seems unlikely that the number of independent breeders will ever 
increase. 

There is probably no future for a company wliich is not big enough 
to support the research and development to maintain its position. The 
application of genetics and the results of laying trials have reduced the 
broods and strains to a very small number. The lading birds Jiow 
available are all very similar, so that success or failure of a business uill 
depend, in part, on how efficiont the breeding system is for making 
further gains, but increasingly on the sales organisation. 

Having forced out the small breeder, the few roranining largo establish- 
ments are now engaged in competition vith each other, and are begin- 
ning to depend more heavily on foreign markets to maintain their 
financial soimdness. The picture in many ways is very similar to that 
of the motor car industry in the United States in wliieh only foiu* 
companies are now left out of the himdreds that came into being since 
the time the automobile was invented, and in wliich one corporation 
produces more than half of all the cars made. There is a further analogy 
with the motor industry'. Just as both Ford and General A^Iotors had to 
diversify their products and put out cars, trucks and tractors, so do the 
hreodors of one kind of poultry apparently need to expand by breeding 
other tj-pes of stock. Thus man}' of the breeders of cgg-lajing stock are 
also attempting the improvement of turkeys and some participate in 
the broiler industr}’. Indeed, in some uays, Great Britain has already 
outpaced the United States: at least one poultry breeder has entered 
both the sheep and the pig indiLstrios. 

Ilmt there is an opposition to tho trend from many sources is 
undeniable. Truths, many Imlf-trutlis and a variot}' of m^ihs (some 
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examined hy Robertson. 106-1) about allegory anti-humamtarian 
aspects of modem agriculture complicate the issues. The opinion is 
often expressed that tbo intensively produced foodstuffs are tarte]<^. 
Whether this is the case or not remains to be demonstrated by objective 
tests ■which are now very difficult or impossible to devise. Rapid growth 
and early killing probably do result in more tender but less tasty 
products. But the -uniformity and reliability of quality in such products 
as pigs or broilers or eggs has been clearly improved under the intensive 
q.'stem, and from the standpoint of the welfare of society at large there 
is very little doubt that the increase in efficiency of production of 
these commodities is a desirable accomplishment. It may also be true 
that certain types of foodstuffs have become uneconomical to produce 
and, because of that, scarce. Thus, the roasting fowl has practically 
disappeared from most American markets. Similarly, should a consiuner 
have a predilection for dark brown eggs, be would bo hard pressed to 
fold them at the ordinary grocery counter in California, because 
compulsory candling is now done by electronic scanners which cannot 
defect bloodspots in such eggs. 

It is fair to gay that tins situation is a reflection of the small demand 
for such speciality products. Undoubtedly they could b© produced and 
marketed, as they arc in Britain, should enough people be willing and 
able to pay for them after they have become a luxury. To say that 
brown eggs should be available to all who want them now may be the 
same as saying that grouse and lobster should be available to all- The 
fact that at one time £fuch eggs were a common enough commodity is not 
particularly relevant. Patterns of supply and demand change. Xot long 
ago liver was fed only to pets and was available at very little cost. 
Today calf liver is not a cheap meat. Turkeys at one time were only 
festive fare. Today they are often one of the cheapest animal proteins 
available in accepted form. 


IV. The Consequences of Artificial Insemination 
.^fidal insemiMtion has been both a result and a cau-se of the revolu- 
tion in large animal breedmg. Its development was made possible, in 
the face of much criticism, by the efforts of scientists spurred on by 
wartime shortages and given their opportunity firstly by research 
admimstrators and then by dairy farmers. 3Iany experts found it 
nec^sary to oppose its use for reasons they will now prefer not to recaU, 
such ^ the notion that artifieijd insemination leads to the production of 
^nstrositiw and degeneration, inbreeding and reduced fertility. 

UnnaturaV the process certainly remains, but it proved itself so 
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economical, effective and advantageous to so many herd o^vners that 
it became firmly established in all coimtries with advanced dairying. 
For general discussions of techniques and application, Peny (1960), 
Salisbury and Van Domark (19G1) and Maule (1962) can be consulted. 



The numbers of cows inseminated have expanded in a typical S- 
shaped grovi:;h curve (Fig. 6.2 shows some examples) but there are 
some interesting exceptions, for instance, Czechoslovakia, United 
States and Franco (Fig. 6,3). For these, it may bo speculated that the 
iisual growth process is incomplete or obsemed by political and other 
considerations. Where coxuitrios have differed is in the point whore tho 
rate of growth has fallen away to a low value. Tlio approximate per- 
centages of all cows artificially inseminated in a few countries with 
largo dairy industries arc sho\m in Table 6.1. These few are sufiiciont 
to show the vide range of average herd sizes and their rolationsliip to 
usage of artificial insemination. Distributions of iierd sizes would bo 
more informative. In tho United States with its diversity of conditions 
for dairying, a national average herd size is of little informational value. 
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services are closely integrated, has replaced natural mating almost 
entirely by artificial breeding. The point is not rrithout significance, 
since the po'wer of artificial insemination to realise its potential depends 
on its scale and its independence. Both are likely to be adversely 
affected by the trend towards better health control and larger herd size 
through the strength these ^ve to the market for hulls for natural 
service. Influences working in the opposite direction can bo found in the 
demand for rapid changes in breeding policy especially towards or 
away from beef production, and in tbe growing confidence of dairymen 
in the power of the A.I. organisation to find the improving bulls. 
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received for those that are still produced must he affected by the cost 
of the alternative to natural service. Furthermore, when the munber 
of herdbook registrations declines, financial stringency for a breed 
society follows. 


TABLE C.l 

Percentage of all cows artificially inseminated (from Adler, 1964, and other 
sources) 



% 

Average herd size 
(all herds) 

Denmark 

100 

12 

Holland 

60 

13t 

Sweden 

30 

11 

New Zealand 

31t 

70 

U.S.A. 

30 

— 

England and ^Valos 

66§ 

24 

Scotland 

19§ 

44 


t Tostod herds only, 

j From James (personal commimication, 1065). 

§ From ‘Molroso (inMaulo, 1062). 

Artificial insemination has also hrotight powerful influences to hoar 
in other ways. Farmers arc now able to change their breed by grading 
up and to s>vitch from dairy to bcof-typo calves very quickly. TJiis 
resource in farmers’ hands can lead to chasing the market and thereby 
ca\iso over- or under-production of both types. Another result is to 
bring rapid changes in breed numbers. For instance, only 36% of 
Ayrsliiro cows in England in 1963 wore bred to Ayrsliiro brills. Of the 
rest, one-third were inseminated by Friesian semen and two-thirds by 
beef semen. A change in popularity can bo given o.vprossion much more 
promptly than formerly. 
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on test. The figure embodies the advances made in physiology, genetics 
and data handling, which are adopted in different parts of the world 
with varying degrees of collaboration from breed societies. While such 
collaboration is helpful, it cannot be regarded as essential. The organ- 
isation which possesses the information on performance and has the 
staff capable of analysing it, is in a strong position. Indeed the emergence 
of a body of people with statistical machinery at their command and 
with the means of publicising their studies and conclusions has altered 
the status of the private breeder substantially. It is not surprising that 
sometimes he wishes to retain the importance of eye judgment and the 
value of winning show classes on visual appraisal, but he has now to 
contend with the fact that the economic characteristics are recorded 
and interpreted by scientists. One of the first things these people did 
was to reveal that genetic differences between herds were very small. 
In so doing, they undermined the foimdations of pedigree breeding 
(Pircimer and Lush, 1959). 

By virtue of their scientific and field staffs and central data processing, 
A.I. organisations are capable of carrying out operational research of 
value to dairymen. Witness to this is given by the annual reports of the 
New Zealand Dairy Production and Marketing Board and the IMillc 
Marketing Board of England and IVafos. The same publications aro also 
stimulating to research workers and point the way to closer contact 
bet^veon research institutes and A.I. organisations wliich would benefit 
both parties. Indeed, as the collaboration at Cornell and Edinburgh of 
research workers and A.I. centres has sho^m, tlio fruit may bo enjoyed 
over the whole world. It also suggests a means by which modem con- 
structive brooders and those advouturoxis spirits who ahvaj's aro willing 
to try somctliing now can obtain the use of up-to-date techniques and 
Skillg. 

Tlio pioneer work carried out ^vitli dairy cattle will bo available to 
guide and hasten the development of artificial insemination nith pigs, 
as tho physiological limitations are overcome. In tho U.S.S.R. tho uso 
of artificial insemination in sheep is already more ovtonsivo than in 
cattle. Pigs and sheep have yot to go through tho stages of scarclung 
for and finding animals of superior pcrfonnauco to uso in artificial 
insemination. There seems no reason to doubt that such animals exist 
but the finding of them will require arrangements at least ns refined as 
those applying to dairy cattle. It can bo anticipated also that tho 
controversy between tho proponents of tj’po and tho proponents of 
porformnneo in terms of grou-th rato and fertility and other qimiititat ivo 
characters, will bo rerived. .\s oWdenco nccimiulatcs, it Rooms, how over, 
unlikely that m\y pursuit of typo for Uqxfs sake ^\ill last much longer. 
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"Where type has a proven relationship to economic output, it -nlU, no 
doubt, be jetained as a criterion of selection. 

The technique of deep freezing of semen makes it posrible in theory 
to test long-dead ancestral sires against their modem descendants (see 
section on gamete preservation in Chapter 8). WTiether any anima 
breeding institution would be willing to embark on long term deep 
freezing of suiBcient semen in sufficient variety and then test it, 
remains to be seen. It would nm the risk that ideas on conformation 
and on the proper ohjectives for breeding have so altered that no 
farmer would ■^’illingly agree to the use of the semen on his animals- 
Furthermore, there might be some uncertainty as to whether any 
gametic selection had taken place during the long freezing. 


V. Improvement through Artificial Insemination 

That there is scope for improving methods of selection among dairy 
sires is shown in an analysis by the United States Department of 
Agriculture (1964) of 1046 A.I. sires and 1508 naturally mated sires* 
Seven breeds were studied. Of the A.I. sires, only 46% maintained or 
increased milk yield and, of the others, only 51% did so. To estimate 
tho amoimt by which yields of dairy cows have been raised by artificial 
insemination has so far proved a rather intractable problem. No doubt 
tho merit of commercial cattle has been raised by progeny testing and 
preferential u-so of the suiKsrior rires, but there are few firm calculations 
to show by how much. For discussion of this problem, Robertson 
(1960a), New Zealand Dairj' Board (1961) and Van ■\neck and Hender- 
son (1961) should be read. Table 6.2 has been extracted from more 
detailed information in a recent report of the New Zealand Dairy 
Production and ilarketing Board (1964). Although only a minor 
fraction of tho national herd is os yet bred from A.I. bulls (including 
yoxmg ones being tested), the calculated increase in earnings, if realised, 
would bo substantial and well worth haring in addition to the other 
u-scful services provided Tho mouetaiy’ cost of securing these earnings 
will bo of great interest. At 3 shillings a pound for butterfat, tho in- 
creased production of artificially bred cows is at present worth to a New 
Zealand dairy farmer about 60 shillings ($8.40) in each lactation. 

OutlajTs on recording yieliLs and testing bulls arc in part an invest- 
ment in the breeding of more profitable animals. To decide how large 
tlmt part is, ^rill probably engage economists fer some time, but the 
ellOTt should bo made Poutoiw and Vissac (1962) have made a start by 
considering the progeny test of bulls used for artificial insemination as 
a financial operation on belialf of the members of a centre. Profitability 
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TABLE 6.2 

Estimated increases in numbers of artificially bred cows and sales of butterfat 
from a population of about two million dairy cows in New Zealand (from New 
Zealand Dairy Production and Marketing Board, 1904) 


Year 

No. of 2-3T old 
cows in milk 
bred by A.I. 

(in thousands) 

Superiority of 
A.I. stock 
(lb fat) 

Increase in 
earnings 

(in thousands of £) 

1952-53 

04 

+10 

0-6 

1957-58 

21 0 

+ 15 

81 

1961-62 

81'0 

+ 19 

584 

1962-63 

103-8 

+20 

822 

1963-64 

124-0 

+20 

1056 

1966-67 

147-3 

+25 

2093 


■will 1)0 affected by the purchase and maintenance costs of bulls, the 
amount of semen sold, the cost of collecting the data, and the benefit 
of the extended use of the best of them. Upon the answer depends a 
rational decision about the amount of money that should be devoted 
to tliis activity. It is not necessary to wait for the answer, however, 
before deciding that a breeding programme designed to maintain a 
balance of opposed objectives (such as more meat and more milk from 
a cow of fixed size) will not pay dividends on the investment. 

So far, A.I. operators appear to have acted on their own or their 
customer’s faith in the ultimate rctmias on outlays for improvement. 
Until they sot out their breeding aims and show that their exponditrures 
on performance testing are consistent ^nth these aims and economically 
justifiable, there is no way of deciding wliethor such work should bo 
e.vpanded or contracted. By degrees tho logic of events is pressing them 
slouly towards a decision on brcedii^ aims. Unless each generation of 
bulls for artificial insemination is the product of tho previous generation 
on which monoj' has boon spent, tho profit from all tho work on improve- 
ment tlirough breeding is limited to o.vpanding tho uso of good bulls in 
commercial herds and reducing tho uso of poor bulls. Rato and direction 
of cliango are still infiucnccd by tho brooders from whom A.I. bulls aro 
bought. In a largo business for wliich cattlo are only a moans to 
making money, tho question ‘*docs it pay” has to bo answered for tho 
vholo concern. It is directed to tho kind of cow to bo bred, to tho policy 
of pure breeding, and to tho nmoimts invested in improvement. Whether 
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or not to tother with numerically weak breeds is another unhappy 
problem. 

Where the breed associations are already closely integrated with 
artificial insemination and other services, as in Sweden and Holland, 
the conflict of interest is less acute and less apparent than in countries 
where they are not. In these, it seems that those who control artificial 
insemination will sooner or later bo forced for economic reasons to use 
its potential to breed the kind of cattle customers want as fast as 
possible. They are not likely to do this until they have secured the 
support of dairymen, technical staff and equipment, and courageous 
leaders. If they reach this point they will feel strong enough to settle 
the issue about breeding objectives and if necessary act independently 
of the breed associations. Tiie latter, however, are likely in this event 
to modify their ideas, rather than lose the market, as w’ell as the 
technical help that artificial insemination can give. When this happens, 
the way will be clear to follow one or more jointly pursued breeding 
policies with now' stratifications of animals and men based on new 
definitions of performance. Only then can the combined strength of the 
A.T. organisations and the breeders be brought to bear on (a) efficient 
purebred selection, (b) the production of distmet bree ding lines 
within breeds, (c) developing cross-breeding merit, and (d) new 
breeds. 



C. LAEGE SCAEB BKEEDING 


145 


The Danish version for swine (Lush, 1936; Jonsson, 1966) is also 
large scale in that it applies to the whole of the nation s stock._ The 
concept is of elite herds hroeding improved animals mth the aid ol 
progeny testing and technical supervision of breed type and Pertonn- 
ance. Swine breeding is based on 250 accredited bree ers. n or er 
qualify for the title of “accredited”, breeders’ herds must not orfy 
perform to certain standards, both at home and in ® nnH 

but the breeders themselves are subjected to care u perso 
teclinical selection. Their efforts are coordinated by an 
system of advisers, four largo testing stations, and recogmse ’ 

centres or farms wliieh have a total of about 3000 sows and 700 ap- 
proved boars. The advisory service is run by Farmers U^ons. 

Since the Danish bacon industry is Mghly dependent on a ^ 
trade which is very selective in its requirements, i is cssen „ 

aims of breedingThould be carefully bv all 

the export market and that the aims should be far should bo 

the acLdited breeders. Under such a "^^^X^Sons 

uell-informed, their statistics should be up-to-da e, , , x. ofgoial 

of them should be coiTcct, and prices should be favourable to official 

^°s7far, this system seems to have worked well at XbTms 

of equally well organised competition. Natma y, ® when they 
and,\atmally. th! statistics also tend to be S 

become available. A task of the totoke the right corrective 

ciencics before they become serious and x, „ g„(.cess of the Danes 
measures. At the present time it appears th Tirnhlom -with it. 

in increasing growth rate and meatiness has broug [jenoticallv 

There is e^dence that some of their J^Xt tto Is also 

liable to show a pale and watery flesh difficulty, and to see 

central authority able to direct rraearch to the dime y, 

that the solution is promptly applied. „„.i„ Uropdinir in 

Although Danish swine breeding approaches ^ 

the sense used here, it does not fully qualify, beca^ i,„Tids of tho indivi- 
rogard to breeding, although limited, is still m the hands of tho indim 

dual accredited breeder. . resmccts from 

A largo scale breeding enterprise differs m ono or more respects from 

this and other examples of tho pedigree system. ■ .__t end jn 

1. breeding is a means to efficient production (and is not an end m 

2. breeding is based on modem ^^S^IenSsod financ ial, 

3. breeding is closolj' intogratod 
managerial and marketing control. 
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A large scale breeding enterprise is not primarily concerned -mth 
breeding but irith production and marketing. As the beef lots ot 
California show, some relatively large businesses produce ammal 
products without an integral breeding scheme. Where varieties ot 
livestock of superior merit are bred for the purpose in 
necessary to have sufficient resources to finance the project- These 
usually come from current profits on. production and sale, so that there 
is a direct connection between the end-product and the amounts 
expended on research and development. For the most profitable use of 
these funds, breeding must be carried out on an adequate (but no 
greater) scale, have clear-cut aims, and apply the most effective 
techniques. 

From the purely genetic point of view, the advantages of large scale 
breeding do not follow automatically from large numbers. Artificial 
insemination of dairy cows, for instance, is usually an extensive operation 
in terms of numbers of cows inseminated but it bas often been conducted 
with no serious attempts to breed improved cows. Because it will pay 
for itself without doing this, because operators are often not subject to 
competition, and because opposition is raised by breed as.sociations, 
some of the essential features of the poultry breeding revolution are 
missing. In Western Germany, France, and Holland the organisation 
of artificial insemination is much sub-divided so that the individual 
centres tend to be relatively small and have neither the scientific staff 
nor the cow numbers to mount long-term breeding programmes based 
on sire testinc. 
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compete in terms of total mixed purchases instead of specific items 
(hence “loss-leaders”). Both can be turned to advantage by vertical 
integration because the several steps in production and marlceting can 
be coordinated. The hazards of over-production by enterprises seeking 
cost efficiency through large scale production, look as if they are being 
coimtered by forward contracting for supplies of fixed quantity and 
quality. Adapting breeding stock to meet the requirements is therefore 
becoming more urgent. 

How far the combination of finance, husbandry and breeding sldlls, 
ease of transport and storage, and uniform consumer demand, that sot 
the stage for the events in the poultry industry, can be matched with 
large livestock remains to be seen. It could happen, as in the past, that 
some of the economic or productive advantages of large units ■will be 
sacrificed in order to gain political and social ends. If tliis does happen, 
it -will not necessarily happen to all kinds of acti^^ty. Small co- 
operatives although liegun by groups of comparatively small scale 
farmers for buying, selling, or operating artificial insemination services, 
may turn out to bo more of a burden than their foimdors hoped. 
Without suificiont scale, they cannot reap tlio advantages they seek 
and they may often bo glad enough to tlirow in their lots with larger 
enterprises. 

The present methods of blooding cliickens are financed out of the 
profits flowing from the conjmiction of large nimibers, advanced 
tcclmiquo, and tmified diicction. All these components are necessary 
for the rapid production of improved breeding lines, for cctonsivo 
trials, as veil as for the exploitation of the ans^\crs on an industrial 
scale. As far as artificially inseminated dairy covs are conconiod, all 
are present in the U.K. and U.S.A. except the imifiod direction. Beef 
cattle are not poised in quite such an advanced position but arc rapidly 
approachii^ it in the U.S. on three fronts. Artificial iusominalion 
tccimiques arc being adapted to the circumstances of beef cattle, and 
organi'Jcrs now have tlio groat advantage of being able to obtain 
porfoniianco-tosted sires. When these two tccluiiquos arc allied to tlioso 
of intensive clrN’-lot feeding, nil the conditions for largo scale breetling 
enterprises could bo mot. 

Swine production scorns in some ways rij>e for development along 
the«o lines. Inton‘;ivo husbandry* olTora scojkj for technical cx|)crti*^e in 
breofling and mark<*ting, but organising it on asufiicicntly large scale* 
w ithout tlie help of nrtifici il inK*niinatiou has still to he nccomphSheci. 
Artificial iu.»:cmi!iation is of course i»os.sible with swine, hut as yet 
hardly economic, cxc'cpt when' largo jKJpulntions of sows an* nln'.atly 
concenlratcsl. 
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In Bpito of its popularity in tho U.S.S.B. and Eastern Enrop^ 
artificial insemination of sheep has not yet fotmd itself a 
elsewhere. Nor is it likely to. white the aims of breeding arc 
and tho methods by which superior sires might bo found arc igno • 
As with s^rino, therefore, tho building up of large breeding umts 
bo founded on something else. Jlany flocks quite large enough numen 
cally to support a scientific breeding programme already exist but are 
not doing so. A few of tho reasons can bo imagined. Sometimes tiic 
profits are too small to support developmental costs; sometimes they ar 
too largo to stimulate ambition. Tlicso reasons always ovist. Addition- 
ally, however, tho prospects of breeding and exploiting superior shc^ 
for an extensive hnshandry (under wliich tho largo flocks tend to bo 
kept) arc not as attractive for tho time being ns they are for intensively 
managed flocks. For tlio latter, tlicro would appear to ho opportunities 
for raising output substantially by applying now tcelinical knowledge 


in husbandry and breeding. 

Tho paths towards the integration of breeding operations, as a 
comparison of the U.S. with Denmark shows, are not a simple function 
of the size of a country or its form of government. Pigs and dairj' cows 
are bred in Denmark towards economic objectives within a form ol 
co-ordination quite unlike tho systom which has evolved in tho U.S. for 
poultry. Furthennoro the paths are not mutually cxclasivo, either 
■within an industry or between industries within coimtrics. In practice 
an established system can present obstacles for any otlicr. The pubho 
financing of teaching and research committed to the pedigree sj’stcni, 
subsidies for performance testing, and official attitudes about breeding 
can hinder, if not prevent, new and possibly more offoctive organisations 
from arising. 

Alongside the poultrj’ industry, there exist both in the U.S. and in ■ 
tho U.K. co-operative ventures in dairy cattle breeding designed to 
overcome the disadvantages of relatively small herd size by subjecting 
the co-operating herds to a single breeding plan. With the aid of deep- 
frozen semen and artificial insemination, a group of institutional herds 
mustering some 700 cows in North Carolina and centred on tho State 
College at Baleigh has adopted a concerted policy of testing young sires 
and exploiting tho best. Semen is available from four proven sires. 
These are selected from an intake of three or four recruits each year 
which are laid off after test matings in a yoimg sire proving programme. 

A similar scheme has been organised in England around the Cam- 
bridge A.I. centre. This one involves about 2000 cows in co-oi>erating 
herds and has a similar breeding plan. In both countries private breeders 
are learning to combine to achieve more suitable numbers for ^ving 
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effect to their own ideas of type. It must be left to the futme to show 
whether these groups can be held together. Some at least are likely to 
dissolve on accoimt of dispersals, retirements, and disagreements. In 
Denmark, the process of co-operative breeding has been carried to the 
logical end point, where practically all breeding is based on local A.I. 
centres guided by results &om the progeny testing stations. 

Inefficiency of selective breeding in all its versions is paid for eventu- 
ally by the nation, but more immediately by commercial producers and 
processors. The direct beneficiaries are a small proportion of all pedigree 
breeders, and those who are employed by them. Whether the mainten- 
ance of the pedigree system is a satisfactory protection against real or 
imaginary anti-social consequences of largo scale businesses must 
depend on the rate at which it can evolve into a more efficient system. 
In its present diffuse form it cannot attract either the capital or the 
liighly sldlled, scarce and expensive organisation men capable of 
exploiting both scientists and salesmen. 

VII. Contract Farming 

Smooth flow is important in keeping costs do^vn for the packer who 
prepares foods for an exact ing retail market. Supphos by small fanners 
are too irregular, and, hence, they must combine to obtain contracts. 
A great variety of contracts is being tried out. Much depends on who 
is to do the risk taking: a banker, feed merchant, hatchoryman or final 
producer. Contracts increasingly q)ccify the breeding, dates of dolivor3’', 
and quality standards, Tho planning and discipline roqffircd are 
offensive to some producers. 

In tho United States broiler industry, a producer usually does not 
buy tho stock or the food for it. Some contracting company nill pay 
for all this, supoi^fiso Iiis operations, and pay him a flat rate to cover his 
labour costs and depreciation. If there is a profit tho company will share 
it with liim. Depending on tho contract, ho may also share any losses. 

Contract farming is not incompatiblo nith good stockmanship. In 
fact, tho converse is true. Tho poor stockman and manager is unreliable 
and an unsatisfactory partner for a contract. Efficient producers, 
however, acquire a powerful ally to help thorn nith capital and tech- 
nique and they stand to gain from integration. 

In an indu-stry as diverse as livestock production, it is not helpful to 
think of either the horirontal integration of small entorpri^Jcs engaged 
in tho same activity, or tho vertical integration of adjacent st.ages in the 
process of production as if tliey nero cxclu'^ive and unable to co-o\ist 
along with traditional fanning oiganKation. Contract fanning Is a 
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response to economic pressures and ivil! grow where these aro strong 
enough. Just as it may replace existing arrangomentfi or add f o tliem, so 
may it invade old markets or develop now ones. It may appeal to some 
farmers while repelling others wlio would sooner accept lower rotuins 
than bo bound. So far, opportunities for contract farming scorn to bo 
greatest whore intensive controllcd-cnvironmcnt production mcaiw 
comparative freedom from fluctuation in supply duo to u oathcr, and 
easy access to retail markets. 

Vlll. Growth of Big Business 

A reduction for all to see is now faking place in the number of inde- 
pendent breeders of most species of animals, and wth it a strong 
tendency towards integrating all phases including, breeding, feed 
supply, equipment manufacture, medication, operation of a producer s 
plant, and processing as well as merchandising. Furthermore, this 
process of integration, at least in the poultry industry, is evolving on 
an international level. Production of both broiler and layer stock in 
Western countries is controlled by relatively few companies inter- 
locked financially or affiliated in other ways uith companies in other 
countries and continents. It may bo a long time, if it happens at all, 
before a single giant company attains a monopoly and thus stifles the 
rivalry of which the consumer is a beneficiary. A decline in the number 
of independent firms controlling production of all food of animal origin 
could lead to reduced competition between different kind.s of meat for 
the consumer's favour which keeps dowm the price he now pays for 
the product of his choice. 

The rate of increase in the size of businesses, however, shows much 
variation. The largest firms in each industry with their supposedly 
superior efficiency do not always ovenvhelm their rivals completely, 
and incidentally gain whatever advantages there may be in having a 
monopoly (Florence, 1904) Some of the differentiation of industries 
lies in their distribution For one thing, they may have to bo near their 
raw material For another, the degree of uniformity of the product and 
the conditions of demand wdl affect output. In communist countries 
demand is made uniform and, therefore, the advantages of large-scale 
in manufacture are achieved but these are denied where customers 
insist on a lot of variation. The less uniform the conditions of supply, 
the smaller the plant or firm tends to be. The outstanding examples 
arc to bo foimd in types of farming subject to the behaviour of weather, 
BO that the performance of livestock is not reliable. If both farm enter- 
prises and retailers are small scale, largo wholesalers will usually be 
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interposed between them. The size of an organisation may also be 
related to the ability of its employees to rmi it. Tliis, no doubt, applies 
not only to farms but to public corporations and even governments. 

Arguments both for and against the monopolistic trend which may 
be developing can be made. The good comes from the production of 
better stock faster and more efficiently while there still exists competi- 
tion between the groving giants of the industry. The bad comes from 
the eventual control of a sector of agriculture by a few individuals 
whose interests may not correspond with those of the public. Whatever 
the case may be in manufacturing industries or in agricultmal pro- 
duction, in animal breeding monopoly could lead to a biologically 
irreversible state. The capital investment required for establisliing a 
new breed, a new artificial insemination service, or a new source of 
supply of breeding stock for multipliers and hatcheries, becomes 
incommensurate with the risks and expected returns when an estab- 
lished monopoly is being challenged Spontaneously arising competition 
with breed monopolies is not to be expected. The break-up of trusts by 
government action may not be helpful if in the meantime stocks are 
reduced to a single and relatively homogeneous gene pool (or single 
sources when at least tvo are needed for crossbred production). Some 
loss of genetic variation is implicit in progress by breeding, but a further 
loss due to trimming the costs of maintaining imrelated stocks in a 
monolithic organisation might mean reduced adaptability. Fear of 
this, hov ever, may he misplaced and, in any case, is not a sufficient 
reason to insist on retaining outmoded methods of selection. 

A successful organisation, successful in the sense of having survived 
and grown, tends to become committed to policies based on ideas that 
have proved sound in the past. No reason suggests itself for exempting 
business firms, breed associations, dairy hoards or government 
agencies from tliis generalisation. Largeness tends to encourage 
qualities of maturity, a desire for stability, avoidance of rislis, a 
tendency to lapse into routine (Do Carlo in Ginzborg, 19C4). Too much 
of tliis land of commitment may cause an enterprise or industry to miss 
opportimitics for appljdng now methods tlirougU fear of the risUs of 
deviating too far from past practices. For the managers of the largo 
organisations there is a prohloni of adaptation to face. To add to their 
troubles in assessing scientists, f^'stems exports and accountants, as 
■well ns the voltcr of incoming data, tlicro is the duty to design now’ 
relationships between people within ontcrpriscs instead of now products 
themselves. For broader responsibilities of this Kind, men are needed 
w ho w ill not retreat into technicalities of a low er order (for references to 
hoolui on the developing manngemont .science, see Weanio, 190r>). 
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There may ho a danger that tlio cmci^g giant enterprises of animal 
breeding ■Kill suppress all other smaller forms of business, by being more 
efficient and competitive, and then relapse into stagnation. Perliaps 
there is a new land of establishment growing up with great promise 
but in truth destined to become intolerant of domestic critics and inde- 
pendent reformers alike. Such fears maj' be ill-founded or concern o^y 
a distant future, but it may pay to devise some means of discouraging 
complacency or reaction in the management of the powerful now 
devices for brooding livestock. 

The arguments in favour of bigness apply to larger animals as well 
as to poultry, but, as already pointed out, it docs not follow' that the 
re-organisation which has taken place in that industry will bo the exact 
pattern for other industries. The size and capital value of a single 
animal, its adaptedness to intensive management or automation, its 
BUSceptihiUty to precise grading and contract deliveries, all will affect 
the size and design of production units. Stock other than swrino and 
poultry, that is, stock more closely dependent on the kind of land they 
occupy, will provide opportunities for units varying widely in size- 
Some co-operative ventures are based on specific and limited aspects 
of farming, such as sjTidicatcd groups bujing calves or young pig®* 
These kind of activities, which imply no largo outlays on offices and 
adn^nistration and do not tax the skills of the farmers rtmning them* 
may be all the bigness that some circumstances will support. 

Although the tendency to increase the size of the productive unit has 
been shown in all industries including livestock production, it is still 
uncertain how far small businesses are doomed to bo swallowed up by 
big ones. In agriculture, individual enterprises are relatively small 
(although growing in size). Somewhere in the whole process of pro- 
duction of which farms are a part, bigness may be necessary. Necessary 
or not, it is a fact already in many aspects such as the slaughtering, 
shipping, and storing of meat, manufacture of fertilizers, herbicides and 
pesticides, and artificial insemination. Florenco (1004) interprets this 
trend towards large scale operations as a result of the law of increasing 
return. An increase of capital and laboxir generally tends to create an 
improved organisation which raises the efficiency of capital and labour. 

As breeding becomes industrialised, it is increasingly subject to 
considerations that are quite foreign to those who practice the traditional 
art. In tWs context it is worth pondering Korach’s four laws of techno- 
logy (m Goldsmith and Mackay, 1964), since much of what is happening 

mav Ktfim frnm th&m • * * 


1. The law' of the cost variable: each 
allowable cost determined by the market 


process has a maximum 
price of the product- 
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2. The laTT of the great number of variables: in technology only a 
limited number of variables, the dominating ones, can bo con- 
sidered. 

3. The law of the scale effect: at a certain degree of quantitative 
change, a qualitative change becomes necessary. 

4. The law of automatisation: the range of variability can bo 
held between determined limits only in automatic processes. 



CHAPTER 7 


BREED ASSOCIATIONS 


I. What Is a Breed? 166 

n. Breed Purity 168 

ITT . Type and Conformation 160 

A. Judges 160 

B. Type and production 161 

C. Genetic aspects 163 

IV. The Natural History of Breed Associations. 167 

A. Rights and duties 169 

B. Mental attitudes 169 

C. Population dynamics 172 

D. Breed numbers 176 

E. Breed improvement 177 

E. Possible reforms 182 

V. Geneticists and Breeders 184 


The conscious creation of breeds of livestock is a comparatively recent 
development. As breeds go, Corriedale and Columbia among the sheep, 
Santa Gertrudis cattle and Lacombo pigs have a well-documented but 
brief history. By comparison, the origins of the Shorthorn, Hereford, 
Priesiau, and the ]\Ierino recede vaguely into the distant past. Local 
varieties that were to provide the basic material for the breeds that 
established themselves in the nineteenth century must have been 
numerous, unstable, subject to war and pestilence, and crossed with the 
cattle of traders on stock routes. Blood group studios, like the morpho- 
logical sUidics before them will, no doubt, endeavour to trace migrations 
and rolationsliips amongst breeds, but it is xmccrtairi wiicthor they Avill 
over succeed iu unravelling the tangled skoiu. 

It seems (Lush, 1945) that a likoB' sequence of events in the liistory 
of a breed woxild start with relatively high marlvot values for some local 
variety and continue towards meeting a demand for pedigrees. Tliis 
would narrow the .sources of supply and maintain values. By no means 
all local varieties got that far. In liis book on pigs, Davidson (1953) 
mentions twonty-tw'o of them in England alone that failed to attain 
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breed status. Shorthorn cattle, in contrast, bccamo gjf 

to the compilation of the first cattle hordbook by George ^ ' 

Export markets often stimulated formal breed 
the influence of shows madoitrvorthwlulotofollowfasluonsivlthre^ 
to typo. The formation of breed Bociotics m duo course (to produc 
hordbook and to promoto tho interests of breeders) brought abou _ 
emergence of men who wore confident in their judgments and opimo • 
It led them to make assertions about correct tj^po, and to exp a 
why it was tho correct typo. Por many breeds, export marke s j'C 
very important in fixing breeding aims. Just how far doman r 
overseoAS was itself conditioned by notions of typo obtaining in tho lo 
market would now bo difficult to find out. Ideas about corrcc 
conformation, colour and quality of coat w’oro very likely shared, tlmug i 
the reasoning behind them might have been quite wTong both at omo 
and abroad. 


1. What Is a Breedl 

A population of farm animals is a breed, for practical purposes, (u) 
when it has some identifying features, or (b) when it lias a forma 
association of brooders, or (c) when certain govemmont officials say i 
is. These definitions are clearly not independent of each other, but they 
have nothing to do with performance, local adaptation, market demand 
or fertility, in spite of tho fact that existing broods are often described 
in such terms. In their early stages they all have a geograpliical focus 
that made it possible for breeders to develop joint breeding and selling 
policies. Although not so obvious during tho gro^vth phase of a pedigree 
population, the focus can usually bo located by the concentration ol 
long-established flocks and herds and, in bad times, by the shrinkage 
towards it of the area colonised. 
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is a stratification in each case ■which encourages matings within the 
limits of adjacent strata ■without actually prohibiting them outside 
those limits. The net effect is a force generated by the attractions of the 
elite class, and holding a breed together. This class is to be thought of 
as an amalgam of 10-20 brcedera "with their associated stoclonen and 
their animals. 

Other forces superior to this one and centrifugal in character can 
develop •within a breed. Inside a breed association, disagreement about 
type, and, therefore, about the main purpose of the breed, may arise 
and become the first stage in a new definition of breed standards. The 
population then may split into two or more sub-groups. This is likely 
to happen to a breed that is widespread, so that local varities appear 
witliin it and develop a cohesion of their own. The sub-division of 
Shorthorn, Jersey, and Dutch Friesian cattle are well known examples 
of this process. 

It has often been urged (in fact, since Gulley, 1794) that there are too 
many breeds, a view provoking the question; too many breeds for 
wliatl The numerically weak ones make no perceptible difference to the 
economics of farming or to the range of products. The owners may bo 
animated by sentiment rather than by economics, but their sentiments 
could be tolerated by the majority with good grace. An improvement of 
1% in the economic merit of Suffolk or Hampshire sires of crossbred 
lambs would increase quality or production more than eliminating a 
few relic sheep breeds. Some commentators scorn to overlook the point 
that coiuitrios ■with a wide range of environments for livestock cannot 
escape from a substantial amoimt of variation in market products 
simply by weeding out a few unimportant breeds or crosses. Much of 
the variation in the size and shajTo and fatness of carcass moat comes 
from environmental causes, and much of that from witliin farm and 
breed. 

The main practical guides to a breed are the breed points which are 
specific details of colour or conformation mostly of minor economic 
importance. Tlicy have come in for much criticism but there is somotliing 
to ho said for thorn. Advocates of functional beauty may bo luidorrating 
the importance of breed points like colom*. Tho 3 ’’ confer the tmiformity 
and the trade marks by which brcc<l3 can bo easily recognised. It is, 
after all, a vorj' human characteristic to bo attracted by appearances, 
and it is likely that, so long as the msers and raisers of the larger farm 
animals are very nnmerons, there nill, for a long time, bo a market 
wliich is innnonced in fa\'X)ur of nltractively produced animals. Ko 
doubt functional beauty nil! gradually count for more, and no doubt 
production and breeding will fall entirely into tho hands of those ^^ho 
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rate performance higlier than appearance. But in the meantime, ftere 
is some rray to go before breed points, in all bnt poultry, cease to be or 
significance . 


II. Breed Purity 

Pedigree 'breeders usually set considerable store by breed purity, of 
uhicb the visible manifestation is an accurate register of pe^gre^- 
Yet the value of an unblemished pedigree for export purposes is pro - 
lematical and is, in any case, of little interest to the great majority oi 
livestock farmers. There is no means of knowing now how often gene 
migration occurred in the past from breed to breed by accident or 
surreptitious crossing. Some breeds may be more important in maintain- 
ing heterosis in other “pure” breeds than is recognised. Indeed, early 
pedigree breeders often kept two breeds. 

Two reasons suggest themselves for trying to isolate breeding 
populations and prevent migration of genes. Firstly, a breeder may 
wish to maintain genetic identity by avoiding m i xin g with other 
stocks. This applies particularly to inbred lines, novelties, or highly 
selected lines which would be much reduced in value by dilution or by 
rising too rapidly in numbers. Secondly, there may be a commercial 
value in the mere idea of purebred, or “weU-bred” animals or in the 
stock of particular breeders. 

Keither of these reasons has much genetic validity in a long estab- 
lished pedigree population, barely distinguishable in ];>erfoniiance fium 
common stock. The latter, in fact, if bred by successful artificial 
insemination sires, may be superior in some respects. Making it ea^ 
for such aiumals to have descendants eligible for registration in open 
herd hooks would seem to be sensible. Practice in this matter varies 
among breed associations. Those which insist on xmsuUied pedigrees 
may be doing themselves harm. In addition to the expense of keeping 
and checking the necessary records of acceptable animals, registration 
fees from those T\hich are unacceptable are lost, and some possibly 
useful genetic variation and plasticity excluded. Since sales of breeding 
stock are determined mainly by the breeder’s name and, to a growing 
extent, by performance records, rig?d maintenance of breed pmity 
could be unprofitable. With a more liberal attitude to grading-up, 
based on the finding that animals entering an open herdbook through a 
grading-up scheme do so at the bottom of the hierarchy, and, therefore, 
rarely leave descendants in the top herds (Robertson and Asker, 1951, 
^^icne^, 1957), breed societies could enlarge their populations of 
animals vith benefit to themselves. Shortening the time necessary to 
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acliieve full herdbook status, relaxing the standards applied to entrants 
to the first stage, and reduced fees, might increase the number of 
interested breeders. 

To adopt a more realistic policy, however, in the matter of breed 
purity is difficult for a tliriving association and, probably, ineffective 
for a declining one. \'\Tiat is required is a change of attitude: less em- 
phasis on hollow claims of animal ancestry and increased emphasis on a 
progressive outlook among members. As interest in tests of performance 
grows, it seems possible that unregistered animals which have done 
well will sometimes become influential in a breed. They may be accepted 
into top herds like imported animals or they may help to provoke the 
constant review of breeding objectives. 

The time for a breed association to encourage grading-up is vhen a 
breed is increasing in popularity. With the aid of the fees and member- 
ship dues thus added to the finance, the growth impulse is stimulated 
and will carry the breed further and faster in numbers than it would 
otherwise have done. In the past, there may have been less force than 
there is now to this argument, owing to the greater weight formerly 
attached to breed purity. The problem for breed associations is to 
judge where their interest lies. It is a question of timing changes in 
the rules to suit the economic changes in the market for pedigreed 
animals. 

The rate at whicli these changes take place varies with coimtry, uith 
the land of livestock, the attitudes of officials, teachers, and the press, 
but most important \rith the progress of artificial insemination and 
performance testing. Since the logical result of tho latter activitic.s is to 
establish a liiorarchy of performance, there is likely to bo a loss of 
customcra for tho nostrum of pedigree and pmity. Purity, hon over, is 
too useful a word to ho abandoned altogctlicr, and it \vill probably ho 
appropriated by geneticists for higlily soloctcd linos of predictable 
performance and some degree of inbreeffing, wliich, superficially, is just 
what breeders meant by it. Tho essential difference lies in tho diverse 
interpretations of the word “performance’'. In tho now performance 
hierarch}’, tho value of an nnimnl will ho tho greater, tho higher it is. 
Its position will ho determined by the performance of itself and its 
close relatives and not by its owner or its name. 

Well-bred animals will need more than long potligrccs. General Lord 
Haig said in 1926: “Some enthusiasts to-day talk about tho probability 
of tho horso becoming extinct and prophesy that the aeroplane, tho 
tank and tho inotor-car will Buporscydo tho horse in future wars. ... I 
fool sure that as time goes on you will find just as much for tho 
horse — llio well-brod horse — os you have c^e^ done in tho p.ost” (Hart, 
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1959). On this issue he lacked imagination. Breeders today have Ics? 
reason than ho did to read the future poorly. 


III. Type and Conformation 

Of the vast literature on tliis topic only a few papers can bo mentioned 
here In particular, in the writing of this section Lush (1945), Touch- 
^rry (1951), Bayley et al. (1901), Taylor and Rollins (1903), Smith, 
Kmg and Gilbert (1902), Johansson (1904), Taylor and Craig (1965), 
an ames Biggar (in personal discussions), have been drarvn upon. A 
ns^ review of the subject lias been made by Nichols and IVhito (1964). 
e auns o peebgree breeding are usually based on the concept of 
ree ype. is concerned with general appearance in relation to 
function as. for instance, it is in beet and dairy type cattle. Within a 
type, there are an infinite number of local differences in shape of legs, 
vSltion To some ertent these differences reflect 

varv in ehnnn '^* 1 , P's"® of nutrition, since, obviously, animals 

fact that most 

Li?n^hn enrf animal are not local but general in 

confomallon ^ closely correlated with the 

for instance altera th ” ^inaenlae hypertrophy or double muscling, 
w hi^rmav “'®f nf“™a‘>en of all muscular parts, and not just 
Wilrvi,! ‘i^’o'^'’® '®«'® ®®® Ratooni (1902) and 

Lauvergne’ (19041 Th" erramon (1903), for pigs see OUivier and 
n^rSS ? ‘he* ehanges constitutes a 

regarded a, intcrchantaWet‘e^'^"'’ eonformation Tvill be 

arSy WgUyheritable^ r"^ ‘hat thej 

jot conveniently assessed .mv*!!'"’ ®®’®®‘'““’ ‘’T® "a a® 
estimates are . HeritabiUty 

evidence of the rapid diver^moi*^ h’ eompouonts, but on the 
types and then into distinSy diffcrenT^™""' n 
type has at least a moderated Unhh"UlIu. I ' he assumed that 



7. BREED ASSOCIATION'S 


161 


, the chances of rearing an attractive animal. It would bo interesting to 
hnow which men come to he regarded as good judges and what are their 
qualifications Are they people who come to the right, meaning popular, 
decisions in rating show animals* In most countries, judges seem to have 
been drawn principally from the ranks of successful breeders, that is to 
say, breeders whose stock is bought by other breeders In the United 
States, they are augmented by animal husbandry professors and 
extension workers. Attaining success as a breeder tends to make a 
judge to a slight degree independent of popular opinion and, to that 
extent, able to try to modify it. 

As shows and fairs have been losing influence on breeding, the judges 
have naturally been losing theirs at the same time They have lost it 
to those who wield the power of artificial insemination or advertising, 
and who may be indifferent to some traditional beliefs about conform- 
ation. However, it is usually a purpose of breed societies and show 
societies to commend good husbandry and good health, to attract the 
interest of townspeople to livestock, and to provide pleasure for country 
people. Judges are a means to this end which they combine vith the 
task of maintaining and encouraging nliat they regard as correct 
external form. 


B. Type and production 

Breed typo may well ho based to some extent on characters of no Iviiowii 
economic importance except to sollors and buyers of breeding stock, 
but tills exception is enough to secure attention to those characters. 
Some breeds have, doubtless, boon handicapped in tliis v a}’, for instance 
by the roquiromonts of colour pattern in Berkshire pigs aud Shorthorn 
cattle. Breed typo has long boon lughly regarded in Ayrsliiro cattle 
although this did not prevent Holstein Friosians from expanding in 
numbers much more rapidly than Ayrsliircs in Britain, Canada and tlio 
United States. 

Among sheep there are extreme ^\ool and meat typos, such as the 
^Torino and the Southdown which are not notably good millc producers. 
Any mimbor of breeds with intermediate combinations of moat and 
milk and wool exist but none of them scorns to have soh ed the problem 
of producing a largo amount of milk at one time nn<I a largo amount of 
meat at nnoUior, or of s^ritcliing from moat to another form of protein, 
namely wool. Tliis suggests tliat tlio output of any product may I)o, 
primaril3', a function of total bod^' sire In addition, there wem to I>o 
certain specialisations winch are incompatihla with each other, Fnmi a 
big sheep lil»o the Lmcoln It is posmblo (o ha\e largo nmonnts of ineat» 
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milk and wool, all produced by the wimo animal. But none of these 
traits is exceptionally good when the sire of tlio sheep, in comparison 
to other breeds, is taken into account. It seems to bo a general principle 
that, in all kinds of animals, extremes cniuiot be lircd for without a 
relative loss of performance in some other respects. 

Visually assessed tj^po is apparently of little proven significance v. ithin 
breeds, so far ns milk jnold, fertility', carcass quality, nool production, 
or groA\-th rate go. But over the broader spcctnim of breeds of a given 
species, t\q>o is predictive of production of, at least, milk or meat in 
cattle and shcop, and of slaughter weight in pigs. The dangers of adopt- 
ing dogmatic attitudes about tlio relation between tj-po and pcrfonnnncc 
are shown by a comparison of Cliarollais, Hcrcforcls and Holstein 
bnesians. Each of these breeds is an important beef producer but they 
are obviously dissimilar in tj-po. 

Examplos llmt show how conformaiion con be rolntcd to porformance 
are provi cd by show-type dogs. In some broods, dovolopniont of 
l>ns boon carried to tho point at which bio- 
irS ‘ “"ima'a sun-cr. ns in bulldogs. I" 

animals, selection is not carried to such 
hoe? bnl,i ““Sh ■inc^ul ideas about conformation liavo sometimes 
A™1 irl ;T r’ Cluna pigs, vorj- small teat, on 

wMch cam 1 *"<1 Bhouldere on Hampsliiro Iambs 

In^ — st “* P^'rturition, woolly-faced Shropslures, 

furthoT^fal, “t ‘too Of “oothcr. A 

which is rcTTin^ prosided by the recent trend towards polled cattle 
Ideal confomat* Pop“’‘"' often harmful aspect of typo, 
for commercial defined by show judges is not necessarily ideal 

ideal for commCTS^"^’ “’‘’"'‘Sh judges may intend it to bo. The 
Consoquentlv it has "'oo'* ’“’PS to maximise profit, 

necessary forsustainednro!l"'r°™^°"'"’^'’ the minimum standards 

udder month rfil a Ptoduction, reproduction and health, as in feet, 
ally important traits"^ features proven necessary to develop economic- 
and small heads ’ “'‘Oftness of leg, plumpness of hams, 

W ^'striSitr “-'t "ioor variety of 

from culling and increased costs wliich arise 

with the aim of ma^iciTi of breeding stock inconsistent 

herds different comsideratiSn^**^ from commercial stock. In pedigree 
breeding stock of RTif^n'fi if there is a profitable market for 

oftHsifprovidedbv ho" ^ true bit trifling illustration 

settings 



7. BBEED ASSOCIATIONS 


163 


Although it may stiU pay a breeder to attend more closely to con- 
formation than to various other aspects of performance, either because 
his selection of breeding animals is more effective for this aspect than 
for the others or because buyers are -willing to pay him for it, in the long 
rim, any unnecessary diversion of effort is a handicap to the breed. 
Scope for selection is limited and if too much is allotted to details of 
conformation, more important characters are correspondingly neglected. 
In discussions of this topic many breeders regard relaxation of selection 
for type as merely the first step in a consistent series of moves in the 
“■wrong” direction. It is true that in a small breeding population some 
erratic changes of typo might follow suspension of selection pressure 
for it. But the deviations -sYould not grow and accumulate imless “good” 
type is inimical to the desired performance, in wliich case the change 
might he quite noticeable and beneficial. 


C. Genetic aspects 

Bico ct al, (1657) state that “wlule there is no genetic antagonism between 
good typo aiid high production, selection for type alone uill have little 
direct influence on production, and conversely selection for production 
alone will have little direct influence on over-all typo rating.” Tliis 
group of exports can call on others, for instance, O’Blonoss, Van VIook 
and Henderson (1900), Bayloy et ah (19C1) and Mitchell, Corley and 
Tyler (1961), to support them. A breeder who reads such n statement 
out of its context, and who did not know wliat “genetic antagonism” 
meant could bo forgiven for having his doubts about it. Ho would bo 
tliinldng of the fact that cattle can range from oxtromo dairy typo to 
extreme beef typo and would not believe that milk production is not 
influenced by tj’po. Tliis is a good o.xamplo of the wa^'- in wliich niis- 
undorstandings botu cen breeders and geneticists can arise. A resolution 
of tliis particular difficulty requires some patience but is possibly ivorth 
it since a belief in the importance of tj’po and conformation is deeply 
rooted in the minds of breeders and the policies of their associations. 

The main sources of trouble scorn to bo semantic. The expressions 
genetic antagonism or negative genetic corrc/a/to«, wlucli mean in tlio 
present context that genetic increases in the average milk production 
of a dairj' cattle xmpnlatioii would bo accompanied by undesirable 
changes in tjpe, and vice x’crsa, is, liko many more technical terms, 
forced on authors by the need to condense their nviting to s.avo space. 
"Worse still, the qualifications to the generalisations made are not 
n!wa^*a emphasise<l. Statistical studies on t^po ratings nro made (a) 
with data collectwl on culled herds and (h) in poilign'e hercls that aro 
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to achieve a single ofRcmlly approvc<l t}7>o. Con5oqucntly 
analysis is conducted on the basis of a Idglilv restricted range of type? 
and liighly suhjoctivo ohsen-ations (Van Vlcck and Alhrectson, 10C5) 
Correlations that are not significant mean onlv tliat n ithin tho limits of 
the material, tho data and the statistical methods, no credible associa- 
tion between 157)0 and performance is found. It tlocsnot mean tliat none 
demonstrable in more licterogoneoiLs populations- 
A) ithin a long-established breed, honc\er, it seems reasonabh' certain 
that a breeder vould bo -aiso to discount the importance* of 
mneroncos of a relatively minor character, if lie is primarily' interested 
more milk. Sometimes, of course, ns a seller of breeding 
stock ho IS not Then, ho vould bo right to fear tliat selection for milk 
cxclusivelj', or nearly so, would lead to variation in tvpo tliat ho might 
not desire. iNeverthelcss. vhethorthoi^ hnow it or not, milk production 
”li^® ;°lPortant financially to most farmers than small variation 
^^tlun the dairj’ breed tj-po. 

generally occcptiiWe. 

but noTcrthclcs. nsoful in helping to clarify it 

f™, "’"femiation are tno words ssith one meaning. 

2^ Tf *\ ^ ^ ®hapo of an animal relative to its purpose, 
certain I^nToso of a breeder is to givo Ids animals a 

TOrants ^ "“y “f '^^eedmg for it is to select 

(al PPTiPmi and specific gonctio controls of tjT®* 

^ ) g .genes affecting skeleton, or muscling or fat; (b) sp«i- 
g heads or udrlnra r.f irvrs^ T'Us.w affecting 


fie 1TPTIPC o<r l or muscling or fat; * 

cpieSri^!^ "® legs. Tho genes affecting 

rtoSy "; in their action but not yet 

that produ^'^bv^''diff” nnuse variation eimilar in character to 
Sehctln,b“^v^.tX^ “J^nne 

of heritability numerous and of varjdng degrees 

.^ngus), anuorit«(„ i. V® '’°"® ™d joint size (Hereford tJ 
rate of matuiuic by depth and thrift), mature size, and 

varies with the cotuo *)ucntly , the effect of selectmg for typo 

0 WitiL a the emphases placed on it. 

variations in t\T»« ’“ndcrately uniform type, the minor 

longevity, economy of ™ nulk production, 

animal or of its offsprin fertibty, or carcass quality of an 

7. Breeding for PT+r/aT««. j 

histoiy of the Shorthorn and^K^fan b'^^' ” ®boivn by the 
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ftp test data than is theoretically possible 
nieoh less ^'=10'=*’™“ i^tme in Britain. Jnst how mnch dis- 
(Smith, 1963). and to a shortage of suitable ammals 

Bipation of much to high cost or negligence, and how 

Xn they are >^Xn is not known. 

much to preserving corf , f and production is not ea^ 

Deciding on the hut there are breeders who 

a type is of overriding importance. Current show 

to that type ^ ^ ^ thft sn-miort of 


for 


tor a ^ ovemoing 

appear to teheve that iristance, attract the support of 

^ndards for to verge on the ridicrfous. It has 

breeders thong breeders who take risks of supping 

to he . .j^o^id’with beef bulis must ho allowed to use their 

the markets of the breeding. The time has come, 

judgmcrf of wlmt m suie. shows. 

as the 8f°'^^„rtions’about merit in beef cattle are being put to the 

"■''""f uomvTud^aterfgain and carcass quaUty.Shoulditta 

^w^tw^rT^akcn, the u-sual penalties for such mirtakes wdl he 

^^ma^dld, thrfS a loss of buyers and the favouring of competitive 

'’"^c other erfrcme position (paying no attention at all 

is impossible, since natural selection removes the ^orst 
t* can bo closely approached. Those who advocate or prartise 
'Election of breeding stock solely on the bads of one or two characters 
of high economic importance do so. If these characters have no cor- 
rcMon with corfonnation. the selected animals ^ a group, Bh^^ 
of averave conformation, hut among them will he some rather poo 
lookinv Specimens. To breeders accustomed to using hreedmg stocK 
above average in corfonnation, even average animals will be repugnant. 
Those who try to keep a strong selection differential for economic 
characters will have to overcome their desire for “excellent con- 
formation and ho prepared for an immediate, but not progressive, 
deterioration of their stock in this respect. Fashions in conformation 
change, however, and what is “good” now may be superseded by a 
“better” that is more relevant to economic demands or more adapted 
to parturition. For the new cattle breeds in Australia and United 
States, containing a proportion of zebu genotj-pc, acceptance of a novel 
typo maj' become crucial to their success. 
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not include conformation. All the otlier traits are objectively recorded 
and given an importance appropriate to their economic value, herit- 
ability, and correlation with otlior useful characters because cliickens 
have been bred to fit their pui^oso ■with an exactness not remotely 
approached by larger livestock. 

A.I, sires %vith the best proofs in milk or butterfat yield are apt, in 
the -view of the breeders, to be of imdesirablo type. So far, largo breeding 
organisations have not been consistent in their attitudes to typo. In 
cattle breeding, the controllers of artificial insemination seem unwilling 
for the most part to declare policies relegating type to a minor role in 
bull selection. An exception is the American Breeders’ Service (Prentice, 
19G3), wliich arranges the insemination of one-and-a-half million cattle 
and wliich has decided to ignore typo classification. In Britain, type is 
still important and inliibits the full e'^loitation of the most outstanding 
sires as judged by milk yields of daughters. And the costly data pro- 
duced hy progeny and performance testing of sudne is not yet put to 
full use (Smith, 1904). 


IV. The Natural History of Breed Associations 

Livestock Record Associations and Breed Societies aio a part of the 
oiiltmal inheritance of many countries. Tlieir origins and development 
came in response to needs that were felt, and their activities, like those 
of many other institutions before them, tend to become habits essential 
to their continued existence but no longer serving the original piurposes. 

As ill other social groups, conflict is an essential ingredient of an 
association’s existence. Radicals must always do battle ivitli conserva- 
tives but they are boimd together by acceptance of a liistory of judg- 
ments on method and beliefs, and agreement to servo the needs of the 
association so that it shall survive. 

In an association of hroedors "with a common interest in a particular 
breed the status of an individual has two elomonts: firstly, the rights 
pertaining to Iiis momborsliip of the group (for example, to register 
animals), and secondly, competition among members for position in 
the social order within the group. Partly ns a cause and partly ns an 
effect, liigh rank in tliis order is associated ivith extensive social and 
business contacts, and with privilege in breeding. This stratification, 
which is so characteristic of human and louor animal societies, evolved 
because it was an oflbetivo moans to survival. It combines the advan- 
tages of a largo group acting in imlson uith leadership b}' a few. The 
role of those lou cst in the hierarchy is to contribute to the funds, buy 
stock from their superiors, resign in periods of depression, and provido 
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a reservoir of men and animals in case of need. For the highest, in 
addition to material rev ards, there arc the rc« ards of office, the benefits 
of distinction in breeding, the right to opinions, and the obligation to 
defend the group. In all this, the objects or the methods of breeding 
have been irrelevant. The basic ui^^o is to survive and, if possible, to 
grow. Beyond that there is no group philosophy. 

The concept of breed is intentionally restrictivo uith a \'iew' to 
benefiting the registered o^vncrs who make the rules. Tlio concept is 
restrictive in several respects, not equally applicable to all breeds: 

1. discouraging the immigration of genes by overt or covert cross- 
breeding; 

2. spending selection effort on breed points not essential to the 
main purpose; 

3. concentrating selection on a narrow definition of breed tjT®* 

4. resisting emphasis on performance data; 

5. discouraging the planned obsolescence which is implied by a 
policy of improvement. 

Wilson (in Finlay, 1925) said that “herd books have had little effect 
on the methods of the stock breeder. . . . But herd and stud books have 
made unimportant characters important, handicapped breeds with 
characters they had bettor have been without, prevented them obtain- 
ing characters which would have incased their value, and debarred 
them from all improvement excepting from within ” With the passage 
of time some of the force has gone from these dama^ng remarks. 
Wilson was, however, regarding it as the duty of a breed association to 
improve, though this was not and is not its primary object. 

How much rostrictivencss is in the interest of the livestock industry 
now, is the question. Assunung that breeds (or other isolates) are 
necessary, some degree of restnetion on the immigration of genes is 
required. How much of it is dcsuablc depends on the function of the 
breed or strain An inbred strain involved in a crossbreeding routine 
would be destroyed if it were badly contaminated. An outbred popu- 
lation of purebred animals, by contrast, owes its future to the genetic 
variability which enables it to progress. Breeders, therefore, with a 
regard for their own interests, must strike a balance betn eon the risks 
of becom^ out of date by progressing too little and the risks of letting 
their flocks and herds lose acceptability by moving too fast. 

a breeder has a most unlikely amount of capital to invest in 
the future, he will not breed ammals for which there is no current 
nmrket. Innovations are hard to get started. The same thing is to some 
extent true of an artificial insemination service. It may have objectives 
towards which it is working but cannot get too far ahead of those whom 
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it serves. It is still tlie case that sires wth popular prefixes can be most 
easily tested, since dairy farmers prefer them to bulls "with unknoivn 
prefixes. Part of the activities of a large artificial insemination service 
however, can be devoted to progressive policies for the progressives 
among its clientele. 

Tlie methods of breeders of tlie larger animals are basically pure- 
breeding, mass selection, eye judgment, and, as opportimity offers, an 
assessment of progeny. In the sense intended here, these methods have 
done service since Varro. Without doubt, a long future is in front of 
them. The burden of the geneticist’s complaint is that they are in- 
efficiently applied, and, inevitably so, witliin the context of small 
independent breeding herds. 

A. Rights and duties 

No rights or duties have been placed on breed associations by legislation 
requiring them to improve livestock. If they claim responsibility for 
improvement in the past, by virtue of the skill of a small minority of 
their members, they must also accept responsibility for failures. 
Neither, however, can properly be laid on them. Amelioration of 
livestock is an exceedingly complex process, in which breed societies and 
associations have played a relatively minor role. What breeders spend, 
individually or collectively, on attempts to produce a more saleable 
article, is entirely at their own risk and wish, and entails no obligation 
on others to meet the cost. Until recently, this statement W’ould have 
been regarded as contemplating the obvious. A decaying enterprise, 
however, can be expected to hope that it will be regarded as essential 
and enabled to operate on a cost plus profit basis. It could bo that in 
due course this argument might be found acceptable in some form. If 
so, tWs form might require certain duties to ho canied out in return 
for financial support, and would eflfectively alter the character of breed 
associations Their basic function would have to bo transformed into a 
public service. 


B. Mental attitudes 

Although the seeds of change had been sown long ago, breed societies 
and livestock registry associations did not have any serious promonif ions 
about their future \mtil artificial hiscmination began to expand rapidly 
after the end of the Second World AVar. Tlioy uoro used to booms and 
depressions. Breeds competed and varied in popularity, vlulo t^qiGs 
wthin broods catno and w out. But brooders did not doubt that tlioy were 
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„.^™c l”ccacrs in tKo United Slntcs. the United Kingdom nnd oho 
vlmS, it ii suirrising at first glance tliat not one of them has made 
significant contribution to hnowlcdgc of genetics. TI-™ assomt OM 
hL a liistory of resistance to scicntifio advances dating 
establishment. Under pressure they heat a slow retreat mar . 
Sl“ such as miiu and litter recording, Performance testing and 
Bclectivo registration. Ko other behaviour should be evp^rf. Membem 
of breed associations arc essentially indinduahsts, combining «ofce; 
for mutual advantage, and working collectively only for bare nce^s. M 
such as herdbooks, advertising and shouing, and such other aetisutira 
os have also become obUgatory. They are producers and sellers ol m o- 
Stock, not research workers or evangelists. Tlioy aro responsive i 
cconomio pre'M5ures but not to advice or moralising. They aro doers 

rather than thinkers. , , • -lan 

Since there are a great many animal geneticists m the world, it « o'sj' 
surprising at first glance that bo few of them personally breed lup 
priced livestock. Contrary' to assertions that are sometimw made, 
geneticists have, in fact, bred commercially valuable stock, for iastanco, 
the modem chickens, turkeys and broilers, Columbia and Targhco 
sheep and Lacombe pig. Thousands of show winners have been bred 
and reared by college professors \^ho were neither farmers nor geneti- 
cists. In the West, except possibly for poultry’, livestock arc not usually 
provided by universities or governments (Canada excepted) for geneti- 
cists to improve. State supported competition tends to be resented by 
breeders, and freedom to advertise, or buy and sell stock, or hire skilli^ 
stockmen is restricted for geneticists. Jlore important, success m 
Bho\ving or selling would signify merely that some geneticists wero^ as 
capable as some breeders of jiractising these arts. Such a demonstration 
would hardly justify the trouble of making it. At the level of an artiOcial 
breeding organisation, a dmry board, or a pig industry controlling 
authority, vhole populations of animals become subject to breeding 
influence, and it is in these circumstances that the geneticist is best 
able to apply bis knowledge. 

It is easy to see why breeders are unreceptive to the science of 
genetics. The business of breeding pedigree stock for sale is not ju-st a 
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matter of heredity, perhaps not even predominantly so. The devoted 
grooming, feeding and fitting, the propaganda about pedigrees and vins 
at fairs and sho-vrs, the dramatics of the auction ring, the trivialities of 
breed characters, and the good company of fellow breeders, constitute 
a vocation, not a genetic exercise. 

The opposition of the breeder untrained in quantitative genetics 
springs from a variety of ca\ises: 

1. Loss of income or status due to the shrinking market for 
stock without records of performance, or with poor records. It is 
better from a breeder’s point of view for an animal to have no 
records than records of poor performance. 

2. His distrust of paper records, that is, of records on a few 
traits which serve as bases for judgments instead of visual assess- 
ments of whole animals. It is immaterial to Mm that the top ten % 
of a large population in, for example, milk jdeld is nearly average, 
in type. Ho wants to be sure that the particular animal ho xisos is 
at least average. Fimdamentallj'-, the problem hero is one of 
objectives, not of methods. Breeders still rank t 3 ;po Mghly as an 
objective. 

3. The importance bo ascribes to ancestors and collateral 
relatives. To the extent that lus knowledge of them docs duty for 
missing data ho may bo right, but ho scorns at times to ovor-valuo 
them. 

4. His difficulty in nccopting the concept of horitabllity when ho 
is assessing individual animals. Ho is inclined to attribute to 
heredity what is duo to Ms husbandry. 

5. His belief that in judging the breeding value of an animal 
bj’^ o 3 ’o there is a skill wMch gives bettor results than the raacMncrj’ 
of genetics. That there is an acquired skill in judging on appearance, 
and, perhaps, oven an inborn capacity for acquiring it, may bo 
conceded. The difficulty is to find the best application for it. 

TJiesc are all reasonable objection.^ raised b^' craftsmen overtaken b^’ 
mass production methods and a computer tcclmologj*. Occasionally’, 
ono of thorn may succeed in j)roducing tho right article wlioii it is 
wmvted, but tho chances of Ms doing so, and of being rccogi\i‘iCKl as 
haring done so, arc too slim to jiLstify depending entirely on Mm and Ms 
follows or on Ms methods. Given the mmc but more exteasivo 

materia! tho computer will bo more efficient than the craft.smnn, i\s a 
result of tho combination of artificial insemination and milk recording, 
brmlors now have accci^siblo to them inucli more information almut 
milk and fat yield than ever before. By making an assistant rather than 
an enemy of tho computer, thoy would become more comjH'titivc. 
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C. Population dynamics 
A popolation of pnrcbrcd animals, 

tistic Btructme. vluoli is to ^^Ituro of man Iiimsclf. 

tho animals, ^nt to a peittlobccauso they aro cheaper 

Pig numhers fluctuate more thimtl -nigs nav and avane 

,1 reproduce more Cover if memhor,lnp of 

iCCCotiiie“L”tforiitCEratingthisdiver^^ 



Fig 7.1. Population Btructuro 
reproduced with the pertnission 


of pedigreed AjrrBbiro cattle (from Wiener, 
of The Journal of AffneuUural Setmee and the euthorj. 


Tho most obvious feature is tho pyramidal stratification of herds 
illustrated for cattle in Fig 7.1 taken from Wiener (1953). It also apph<^ 
to other large ammals, though in poultry the picture is now different, 
as has been made clear m the previous chapters. The lower ranks 
contain what is known as the multipliers’ herds and most breed^ 
never rise into the higher echelons Those who do, however, tend to be 
the ones with older herds of greater than average size. Their output of 
breeding stock, male and female, increases and more of it finds its vray 
into other pedigree herds. Eventually, a breeder may reach tho peak ol 
the pyramid where there arc usually ten to twenty herds which are the 
source of the genetic material that will in time filter downwards. 
Decisions on breeding policy taken in these few herds will have a 
predominating influence on their breed, for their herd prefixes will 
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occur •with high frequency in the pedigrees of animals in the lower 
strata. 

It does not matter in fact how the majority of breeders mate or cull 
their breeding stock, but it does matter how they buy them. They 
provide the market in which the principal breeders earn much of their 
income. At the very base of the pyramid are crossbred derivatives of the 
purebred layer immediately above. It seems more charitable to suppose 
that those who use pejorative terms like “scrub cattle” and “mongrels” 
to describe these animals are tiying to make debating points than to 
conclude they do not understand what they are saying. These terms 
although once valid, are now descriptive of appearance and, since this is 
mainly determined by the owner’s control of disease and nutrition 
together with his choice of the near ancestry (usually purebred), they 
ought to be applied, if at all, to his management. Some evidence 
bearing on the quality of the progeny of allegedly poor specimens has 
been offered by McLean (1952). Not surprisingly, his reject rams, 
although scarcely scrub animals, produced groups of fat lambs in- 
distinguishable from those by liighly priced rams. Negative measmes 
which are based on discrimination against the “scrub” cattle are not 
only futile but misconceived. It might well be more difficult to identify 
the worst genotypes than it is to identify the best if, as is lilccly, disease 
is more serious among badly managed than well managed stock. 

An hierarchical arrangement is usual whore the influence of a few 
animals is to bo made most effective, as for instance in govommont 
schemes for breeding and distributing superior stock, or in poultry 
breeding establisbmonts. In tho bull studs of artificial insemination 
centres it is gradually being developed. Being just an operative tech- 
nique, there is no assumption that tho results are good. It can work 
to raise or lower standards, and it can work to no effect at all. Altliough 
tho basic principle is universally applied, thoro are many versions other 
than the pedigree systems of tho United States and Britain. In Denmark 
(soo Jonsson, 1905, for a clear description) and Israel for instance, 
brooding is closely integrated ^ritll other govommorital and agricultural 
institutions. All systems, however, liavo tho same fimdamontal dis- 
tinction between elite and nou-olito stocks, ^\^loro they differ is in tho 
rules and qualifications of the elite category', and in tho form of nd- 
ministration including finance. 

To tho o.vtcnt that tho clito class is absolutely isolated in a genetic 
sense, it will undergo a gradual process of inbreeding duo in part to the 
very limitotl population size, in part to intontionnl linohreoding or 
inbreeding, and in part to co-ordinated selection for particular genes. 
Historical studios (suinmarisctl by Lush, 1910) mostly show a nitlior 
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slow tut ivcrsistcnt dcgrco of intrcDding. particular 

countor-lialanccd ty some characters wluch aro 

handicap inherent in it*? population a milk- \'iold fcrtilitj', and 

exuansion in population numbers, as many ns oO /„ of all her 

mfy disappear sritMn five years of their ™ eattlc 

time will ho over ton years old, no matter whether pigs, P 

aro considered. Capital gains. disilluBionmcnt, death or . 

aheavy toll, wluchUmoro than matched by the intake of non 

in a growing society and which outruns the intake in a S 

Owhig to the spread of artificial insemination then) has _bMn 
considornblo reduction in the number of multiplier ^ 

find a market for young hulls. Tins is happomng at the sanio time as tno 
growing power of publicity is leading to increasing importance ot tne 
few top men in each breed. Their market for young bulls both m 
artificial insemination and amongst the multipliers herds wmru 
remam, is still quite largo in most countries (see Fig. 0.2). Con-soquontij . 
the shape of tho pjTamid representing the structure of the petUp 
industry may bo altering. Tho lower strata of tho pjTamid may bo a 
little larger than before owing to the number of people who register 
females only, hut the apex of the pyramid may be a little liigher (due 
to the growth in tho size of herds) and tho w aist somewhat slimmer, 
through the loss of some of tho multipliers’ herds. 

Herd and flock sizes tend to bo small, especially in the younger age 
groups. In Britain about half the registered sheep flocks are of less than 
fifty ewes (Wiener, 1961). Ayrshire cattle herds, which tend to ho 
comparatively large among dairy breeds, contain, on average, about 
seventy cows. Host pedigree herds of other brecd-s will bo substantiall> 
smaller. By genetic criteria, both tho size and the duration of most 
pedigree flocks and herds are ill-adapted to tho task of constructive 
breeding Selection differentials are inevitably small, progeny testing is 
restricted and there are too few generations of animals to achieve much. 

Bulls used in natural service fail, more often than not, to have ten 
daughters with recorded milk yields. The risks of making wrong assess- 
ments of sires that have few* daughters is brought out in Table 7-1* 
This shows the distribution of saro estimates made by tho contemporary 
comparison method on samples of varying size drawn from lOoO 
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dauglitoTS of a bull used for artificial insemination wlncb, on average, 
exceeded their contemporaries by 23 gallons of milk. With sample sizes 
of ten daughters tho probability of misjudging the sire’s genotype by 
25 gallons or more either way is about C7%. 


TABLE 7.1 

Percentage, distribution of sire estimates made by coritemporary comparison on 
samples draxmifronx lOSQ daughters of an A I bull toith a contemporary com- 
parison of +23 gallons (Livestock Records Bureau, 1904) 


Ko. Sire estimates (gallons) 

Sample of JImiis deviations Plus deviations 

size samples 100+60-99 1-49 1-49 50-99 100-149 150 + 


10 

105 

6 

6 

23 

33 

IS 

10 

4 

20 

52 

— 

— 

31 

38 

31 

— 

— 

30 

35 

— 

3 

23 

48 

26 

— 

— 

50 

21 

— 

— 

10 

80 

10 

— 

— 


Although the breeding operations of most pedigree herds are of no 
great interest in themselves, these herds are vital to the pedigree 
system as a whole, since it depends on having a large number of multi- 
phers and commercial users of registered animals Commercial buyers 
contribute indirectly to breed society funds, partly by choice and, in 
Britain, partly as a result of official sanction against unregistered males. 
Multipliers are important as direct contributors of subscriptions, 
registration fees, and advertising costs and as buyers of stoclc from 
“superior” herds and flocks They are financially essential and any 
change wliich reduces the social cachet of iiedigree breeding or which 
reduces their numbers is bad for breed societies and the pedigree 
system. 


D. Breed numbers 

Stonakcr (in Hodgson, 1901) has described tho changes in popularity 
of breeds of livestock in the United Stotes as measmred by’’ tho numbers 
of registrations in herd boolvs. Since 1930 tlio total annual registrations 
in all beef breeds have risen from about 200,000 to 800,000, that is by' a 
factor of four. During tho same period the total population of beef 
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cattle Imn climlicd from 27 to 05 million-rouglily by a factor of t'vo- 
and-a-quartcr. Hence the proportion of all cattle that are rcgisto 
haa been riaing. At present about ono calf out of . 

rodstcred. Tlic Shorthorn hich once nccoimtcd for Go /„ of all rcgi ^ 
tiL now contributes a mere 5%; its place has been taken mainlj b> 
the Hereford. Latterly, the Hereford l.as had to make room for the 
expansion of Polled Horofords, Abcrdcon-Angus, and half a dozen now 

'^'^Dahy cattle in the United States reached their peak numbers about 
1043 since svhon they have slowly decUned. Kegistrations, Iiowovcr. 
have heen moxmting Bteadily, and exceed 400,000 from a total Uai^ 
cattle population of about 30 million. Idost of the increase can bo 
claimed by the Holstoins. In fact the other breeds have tended to 
attract feucr registrations einco 1950. 


TABLE 7 2 


Numbers of bulU licensed in Britain sines 193 1 tn Sojear periods {tn thousands) 
(compiled from Ministry of Agriculture sources) 


Ponod 

ending 

AjTshiro 

Frieeian 

Shorthorn 

.iVngus 

Uoroford 

Total 

19371 

IG 

9 

88 

11 

8 

133 

1942 

24 

28 

114 

10 

10 

187 

1947 

37 

48 

81 

7 

8 

180 

1952 

38 

43 

45 

9 

0 

144 

1957 

26 

38 

20 

13 

11 

144 

1962 

21 

33 

12 

12 

15 

93 


t Four years only. 

Although registrations of females do not always parallel those of 
males, breed fortunes in Britain can bo conveniently followed in terms 
of the numbers of young bulls officially licensed in England and 
Scotland These are shown in Table 7.2 for a few selected breeds of the 
greatest numencal importance. Until 1944 the AjTshiro and Friesian 
were expanding at the expense of the Shorthorn; thereafter all three 
began to contract as artificial insenunation made itself felt. By 1962, 
less than half the number of bulls licensed in 1942 were required. Ifot 
all the reduction is attributable to artificial insemination since in recent 
jears small herds have been disappearing at the rate of 3000 to 4000 
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a year and thoir demand for bulls with them. In spite of these changes, 
the two chief beef breeds have been relatively prosperous. 

Pigs and sheep are no less susceptible to changing popularity. Some 
data illustrating the point have been culled from more extensive 
information given by Byerly (1964) and appear in Table 7.3. Although 
it would be interesting to Imow the causes of the rise and fall of breeds, 
they would be difficult to trace accurately. No doubt they include 
changes in market demand (for example, leaner hogs), show successes or 

TABLE 7.3 


Purebred regislralionsoj stvine and sheep in U.S.A, (Byerly, 1964) 


Swine 

Breed 

No. of 
registrations 

Sheep 

No. of 

Breed registrations 


194G 

1901 


1946 

1961 

Berluhiro 

24,628 

14,136 

Hampshire 

31,876 

29,586 

Dxiroo 

84,413 

60,642 

BambomlJet 

13,433 

9047 

Spotted Poland China 

43,731 

13,020 

Shropshire 

22,100 

9466 

Landrace 



27,307 

Suffolk 

6489 

37,910 

Yorlcshire 

3500 

28,111 

Columbia 

3200 

10,000 

Hampshire 

41,663 

54,676 

Corriedale 

11,857 

15,901 


lack of* them, advisory and extension work, and the effectivoness of 
breed propaganda. Whatever may be the exact combination of causes, 
the effect of both rising and fallin g nmnbers on the finances of breed 
associations is obvious. As income grows, more publicity of all sorts 
can be undertaken to ensure still more growth while a shrinking budget 
forces on members the inactivity that will make matters worse. It is 
worth noticing that once past the formative stages a breed which has 
failed to grow in numbers or to keep pace with its principal competitor 
rarely recovers or notably expands its popularity. Dominant breeds 
tend to give way to sometliing now, not somotliing old. 


E, Breed Improvement 

As Robertson (19C3) has observed, broods can bo altered from within 
only slo^vly ^^-horeas buyers can change their minds quickl}*. A breed 
can bo offoctivol}* dead before anyone realises that it is ill. A\lion 
buyers cUango thoir allegiance, they do not leave behind the enthusiasm, 
the capital, or tlio time to make tho deserted breed competitive again. 
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prosiocts that outlays on ™P™vemont would bo ~ 
smaH market for breeding stoek eeom poor. Many of 
can have no real interest in improvement. They Jo ' 

breeds they support have little eeonom.e rmportanee ™<1 ™‘” 
acouiro it costly elforts to breed now models cannot bo anticipate 
“ rwonk ^pear from past history^ that at any one «me rnany 
breeders are investing in the WTOng bri^ or the wrong ideal. Mrt 
breeds are either static in numbers or shrinking, and, nlulo '*■ is n ‘ 
impossible to make money in a falling market, a rising market n-sual^ 
provides the better investment. Although a long view is neeessaiy 
a constmetivo breeder, especially of slonly reproducing cattle, the ston- 
torm prospect of financial advantage from the sale of registered 
at a premium over the price of similar but unregistered aramals muOT 
bo the main attraction for most members of brood associations. M non 
grade stock are equal in performance to registered animals, the ottacs 
of this practice seem dubious. How many pedigreed animals woidd no 
required solely for breed improvement is a question that could only bo 
answered by deciding the aims and the effort to bo put into it. xor 
artificial insemination organisations this question is by no moans 


academic. ^ , 

Left to themselves, large animal breeders would still disregara 
genetics for it is neither convenient nor economic for them to practise 
■what it preaches. After 1945, however, the tcclmological revolution 
made itself felt in livestock breeding. Of the numerous developments 
taking place, artificial insemination ivas the most conspicuous. In the 
post-war years there was a large increase in the number of men trained 
in genetics and physiology, who were inspired by the potentialities of 
artificial breeding and able to exploit the resources now in their hands. 
They had machinery which could cope with vast amounts of data, and 
they liad the means to publicise their findings and opinions. Artificial 
breeding centres had to be cfiiciently and economically run, and they 
had to have some sort of breeding policy in wliich the features of the 
old craftsmanship could have only a minor part. In duo cour.se, the 
dLsagreeablo truth came out that breeders did not know, in fact, how 
to select bulls able to increase yields. Their self-delnsion was exposed 
by the progeny test. Pig breeders suffered the same fate, and sheep 
breeders can presumably look forward to it. 
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During this period, poultiy breeding began its astonishing meta- 
morphosis at the hands of a combination of geneticists and business 
men. In its present form, the poultry industry has little use for pedigree 
breeding in the sense in which this term is used for larger animals. This 
is not to say that the whole apparatus of pedigree breeding of cattle, 
sheep and pigs should be allowed to fall into decay. By and large, tlie 
turn of events seems to have caught breeders collectively unprepared 
for changes. Years after the warning signals were first flown, resent- 
ment still paralyses good judgment. Paradoxically, therefore, it falls 
mainly to those who have been the instruments of modernisation to 
consider carefully what role predigreo breeders could play, that would 
give them a reasonable retiun for their efibrts. There is no point hi 
parading ancestral breeders, or in claiming virtue for past performances. 
At its crudest, the question is whether their current assets can be put to 
good use. 

Wliat are these assets? Numerically, pedigree breeders comprise 
perhaps 6% of aU breeders. Financially, their societies tend to be weak 
and rarely able to conduct operational research bearing on their own 
efiBcioncy and siuvival, or to liire trained scientific staff of a calibre to 
compel respect. Toohnically, they have their pedigrees and their 
associated systems of identification and some other records, and a 
market for breeding stock dependent on the diminisliing goodwill of 
commercial breeders, extension workers and educators Socially, they 
comprise loosely organised groups of farmers with an interest in 
breeding. This last item is possibly the most important. 

These general assessments of com^e do not apply equally to all 
coimtries and all breeds. Danish and German organisations, for instance, 
differ considerably from those in the Dnitod States and United ICing- 
dom. Furthermore, breeders of sheep and beef cattle ■who have not yot 
felt fully the disenchantment -with pedigree breeding, may bo more 
inclined to overvalue their pedigrees, their stock, and their status, than 
are breeders of dairj’’ cattle and pigs, (Robertson, 1903; Rao, 1904). 

Since the da3’s when it was >vritten into the constitutions of breed 
associations and societies that improvement of their breeds was an 
objective, much has happoiicd to make them act as relatively' con- 
servative bodies. Improvement, as they' define it, to bo soiiglxt at the 
rate they' find convenient, however, is no longer acceptable to a genera- 
tion %rith scientists, artificial insemination, computers, publicity' and 
finance at its command. What was onco an institxition leading the nay' 
to better livestock, is becoming a brake on progress. Except in the 
muncrically' largo breeds, societies acliiovo little more, from a public 
point of view, tlian a numbering system and the i)rescrvation of some 
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breeds that might not ho missed if they failed to survive. In the largest 
breed associations, the great mass of subscribers have no ^cciai 
significance unless the few breeders of elite herds and flocks are i 
improving their stocks. Of this, there is remarkably little evidence that 
does not emanate from them. Were all breed records, by some mis- 
chance, to be lost, it would not matter much, except to the hera 
owners concerned and perhaps not even to them. They would promp y 
re establish the numbering system, appoint themselves the arbiters o 
new elite herds based on unregistered purebreds, and in a short space 
of time all -would bo as before. _ 

It is probably necessary to add that these remarks arise from the 
fact that in countries with highly developed livestock industries, there 
is now little difference between registered and luiregistered animals o 
the same breed. Furthermore, the problem of deciding what constitutes 
improvement should not bo one for constructive breeders alone. Their 
ability to make slow changes in type is not in question, but theu 
ability to define objectives, control modem resources, and cope ’v'^th 
invisible traits, is highly suspect, unless they have power over very 
largo numbers of recorded animals. If they can acquire this power, and 
remain constructive breeders, they will have no need of a breed society. 
From the point of -view of the livestock industry as a whole, the real 
danger is that those who do exercise control over largo numbers may 
saddle thomsolvea wth the inlubitious of pedigree breeders -without 
their reasons. 
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process has not gone so far in pig breeding, and is not yery evident as 
yet in sheep breeding, excepting the Slerino in Australia and the 
Romney in New Zealand. Although economic forces may cause other 
breeds, at present relatively less popular, to displace the present 
leaders, it becomes progressively more difficult for them to do so, 
unless they can command sufficient modem publicity. The advantages 
of size and big numbers are not easily overcome. Large populations of 
animals support effective advertising and exhibiting and they are more 
likely to include some herds run by owners exceptionally gifted in some 
relevant way. Where a change of direction in breeding needs to be 
brought about quickly, they offer more opportunitj’’ of finding suitable 
animals. The idea that there is a critical mass which has to bo exceeded 
before a breed generates enough activity and energy to become competi- 
tive is attractive, but measures for improvement probably depend not 
only on numbers but also on their rate of increase and the intangible 
element of enthusiasm. 

Assuming a widening interest among commercial fanners in per- 
formance-tested stock, the large breed associations would be in a strong 
position to provide, if they wished, this kind of stock, whereas it would 
be practically impossible for the small ones to do so, unless the financial 
burden were to be carried by some other body. The same principle 
applies to milk recording in most countries, and it might well apply to 
spending money on the testing of numerically small breeds, eq)eoially 
the offshoots of large breeds. Indeed, testing could bo the key to 
success for a now breed. By the same token, testing could damn a 
breed as inferior. Testing as a technique for improvement, however, 
has a value which increases with the numbers available for testing and 
selection, so that there ought to be some non-Iincar relationship 
between outlays on testing and tho degree of improvement. tVIiero 
these outlays originate in public fimds, there is the additional question 
of tho proportions which should bo spent on sheep or pigs or other 
classes of stock. If there are official policies in tho Wostorn democracies 
implying answers to these questions, tlie3’' do not seem to Ixavo been 
publicised. 

Wlien mono3' speaks clo.arly enough, it is remarkable liow quickly 
broods can sometimes respond, notwithstanding all tho handicaps of 
small scale operations. This follows when breeders become imited in 
striving for a simple objective. Cliangos in length of bacon pigs, and 
reduction in fattj' deposits of sheep, pigs and cattle take place rapidly 
when quality differentials are paid. TJicso traits have a raodoratol.v lugh 
lioritabilitj'. 

Whore man^- small selection lines nro being carried (that is, individtial 
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liDTds) somo ^nU proceed much faster than tho Btatistical average for a 
large population. If hreederfi arc agreed on objectives, and tho objec- 
tives arc simple enough, recognition of superior stocles can lead to 
rapid advanceo. Tho usiial difficulty is that the condition for such pro- 
gress, a lugh selection differential, is not met. Superior stock docs not 
turn up in the top herds, or is not recognised, or tlie objectives are too 
complex for rapid change even in small lines. Given a relaxation of 
type requirements, houever, good progress could bo made in spite of 
lo^r heritabilitics, provided tho wish ucre there. It is not genetic theory 
which is at tho root of controversy, but tho rate at wliich breetls ■^rill bo 
allowed to become obsolete. Like politics, improvement of livestock is 
an art of the possible. 

Convenient though it may sometimes he for protagonists and antagon- 
ists of breed associations to discuss them in extravagant iennB, general 
statements about their present or future value seem scarcely ad\*isable. 
In the past there has been so much evolutionarj' diversity, that, both 
between and within countries, tho functions exercised by breed a-ssoch 
ations varj' widely. If they cca-sed to exist, some other body would have 
to bo invented to register births and parentage; but it would not 
nocessanly select the same animals to register, or conduct propaganda. 
Given the stimulas of a livelier interest in economic traits and tho threat 
of competition from splinter groups, somo breed associations will no 
doubt evolve further. 


F. Possible reforms 

Since breed associations regard themselves as essential components of a 
national industry, it is perhaps not out of place to recall some of the 
suggestions that have been made for their reform. Prosperous associ- 
ations tend not to take kindly to such suggestions, but tho weak and 
appreheMii-e bodies are more recoptivo. Obviously, those who trj* to 
be helpful aro mterested in tho vitality of breed associations as con- 
structive forces in animal breeding and not as private bodies pursuing 
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complaints. Protecting business interests is less important than breed 
improvement, yet some breeders tend to oppose rather than collaborate 
in the use of artificial insemination and performance testing ■which 
could help them. Discouragement of tins sort eventually drives pro- 
gressive breeders out of breed associations. 

TABLE 7.4 

Approximaie operating expense of breed association3 per registration in 1963 


Breed 

TJ.S.A 

No. registered 

$ 

U.K. 
No. registered 

£ 

Aberdeen«AiigU3 

345,600 

33 9 

6300 

6-4 

Hereford 

613,000 

3*1 

20,300 

l-O 

Holstein Friesian 

250,000 

C-4 

82,000 

1-7 

Ayraliire 

14,600 

11“8 

41,000 

1-0 

Jersey 

42,400 

13 3 

23,100 

1-7 


Pedigree breeders need modem techniques if they are to stay in 
competition with the largo corporations. They can have ready access 
to the modem tools they need if they are ^villing to pay for them. 
As an example of what can be achieved, the Swedish Livestock I\Ianage- 
ment organisation repays study (see Fig. 5.1). The average amounts 
spent by breed associations for each animal registered vary -widely. 
Publicity, field officers, prizes, research, porformanSe records, and 
administrative costs show an uneven incidence and consequently the 
ratio of total costs to total registrations, as given in Table 7.4 for a few 
breeds varies correspondingly. Tliis table may servo, how'ovcr, to give 
some idea of its order of magnitude. TIio figures may bo compared •^vith 
the difference in value of registered and imrogisterod stock, pro-suded 
the breeder’s own costs of advertising and other e^^onses are not 
forgotten. None of the values shown are strikingly largo relative to the 
value of the animals. Tlioy would have to bo increased to finance 
performance testing. 
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2. getting rid of tlio burden of bcoping and publiddng long 

pedigrees; ♦ r 

3. organising breeders groups to onlargo tho ofioctivo sizo ot 
breeding iiords and flocks; 

4. putting greater ompliasis on economic merit; 

5. exploiting tho facilities avnilablo for data collection and onalj'sis, 
advice, publicity, performance testing and artificial insemination; 

G. discaring tho narrow approach to pure breeding; 

7. constructively using crossbreeding and importation. 

In addition to submerging tho individual in tho group, most of these 
actions involve partii^ 'with, some independence. 

K an object of a society is to help to onstiro tho gro^rth of capital and 
interest on tho investment of members in pedigree stock, members had 
best take an objective rather than an emotional view of artificial 
insemination, fairs and shoira, porformanco testing, propaganda, 
pvuity of pedigree, typo classification, bordbooks, livestock exports, 
breed councils, and genetics. Tho problem before them is, perhaps, not 
whether amateurs or professionals should control tho apparatus of 
livestock breeding, but how both may use it to advantage. 


V. Geneticists and Breeders 


In tho course of the discussion, contrasts and conflicts between scientists 
and practical breeders have been repeatedly pointed out. To conclude 
the chapter dealing -with breed associations, it may bo appropriate to 
return once more to this theme. 

There are three strata of active participants in animal breeding at tho 
decision-making level. Thoro is first of all the professional research 
geneticist employed by tho state or by a university. Ho has a vested 
interest, not in industry, but in tho gonotic concepts which ho or his 
teachers have formulated. He may have difficulty in freeing himself 
from them and in becoming objective, should a total evaluation of 
breedii^ theory be required. 


He has his counterpart in some industrial establishments, particularly 
those dealing with poultry breeding. Although tho commercial pro* 
lesMonal geneticist may bo more flexible in his thinking and bo more 
readily swayed by economic facte, it is probable that industrial geneti- 
cists are more donatio than the academics. This arises from differences 
m personalities between the two groups which choose these divergent 
careera and oven more so from tho divorcing of the practising industrial 
ge^ticist from the ^ademic atmosphere of untrammelled enquiry. 

The managenal stratum is next. Here are men of both w’orlds such 
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as are probably found in any other iypo of industry, as well as in 
agriculture. Although sometimes in positions of administering quasi- 
govemment agencies (and here again a MIk Marketing Board comes 
to mind), they may have come through a training in biology and have 
often more open minds than many businessmen. 

Binally, there is the practical breeder. Once more, the poultry 
industry is the exception to the general rule. In it, geneticist-managers 
have taken over the direction of breeding policy in most if not all 
advanced countries. It is only a matter of time before the same will 
happen in under-developed areas. But, in the larger classes of livestock, 
the biologically rmtrained men are still in charge and the differences in 
background, in outlook, and in sophistication between them and the 
academic or research biologists, needless to say, leads to mutual 
antagonisms 

It is possible that geneticists rmderestimate many practical diffi- 
culties in their simplified theoretical concepts, but it is certain that 
many breeders refuse to understand and to credit the geneticists with 
having advanced their cause in any way. And the genetic views of 
small breeders, agricultural journalists, and, in many relatively back- 
ward countries, agricultural college staffs trained in the non-oxperi- 
mental or field-trial tradition, abound. 

The usual question asked by the breeder of the scientist is what 
genetics has contributed to animal breeding. The accompliahments of a 
Bakowell, and other eighteenth and nineteenth century practitioners 
of the art are cited in contrast with those of the modem population 
geneticists, and the work of the practical plant breeders, alleged to 
have produced remarkable varieties of alfalfa, wheat or fruit, is often 
favourably contrasted with the contribution of geneticists to animal 
breeding. 

It is essential to counter those accusatior^, not in order to justify 
tho work of research geneticists or to put control of breeding policy 
into their hands. Tho importance of a rebuttal lies in placing their v, ork 
in proper perspective, since futmo decisions, which will affect most of 
mankind, %vill depend on it. It is essential to point out what tho scienti- 
fic approach is, why there is a necessity for quantitative and precise 
measurement instead of tho guessing charnctoristio of tho pro-sciontifio 
days of breeding, and why there is a need for a rational, instead of ai\ 
emotional, evaluation of tho roquiromonts and tho directions of future 
livestock breeding. 

Largo scale operations of breeding, wluch nolens lolcns most of tho 
world is forced to adopt for tho sake of efficiency, depend now' on tho 
quantitative approach to tho only tlin?o variables that anyone, practical 
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breeder or academic geneticist, has been able to devise as the basis of 
genetic improvement of diploid sorually reproducing animals: (a) the 
choice of parents, (b) the selection of the vay in vhich the males and 
the female parents are combined in mating, and (c) the number of 
offspring that a chosen jiarent is permitted to contribute to the nojrt 
generation. All of these have to bo rationally and quantitatively rnarn- 
pulated for the sake of speed and efficiency. The present population 
genetics theory may ho a relatively poor thing and is certainly suscept- 
ible to improvement but it is vastly'- superior to the rules-of-thumb of 
the early breeders who could not do the job they did 150 or 200 years 
ago on the scale which is demanded by the exigencies of today. 

The early breeder most certainly chose parents largely on the basis 
of phenotypic excellence as determined simply by his eye. When 
progeny testing n as introduced (and this may have been of biblical 
antiquity), the choice of the animals to be tested still had to ho based on 
the plionotypo, and the use of pedigrees, n hich came in later, cannot bo 
shoivn to have contributed a great amount to the efficiency of breeding 
practice. But the principle of using parents, themselves undistinguished 
in appearance hut able to comhino well in crosses, derives irom post- 
Mondolian experiments This systematic utilisation of hybrid vigour in 
animal improvement, although put into commercial practice by breeders 
was based on genetic research Genetic theory is plajnng a vastly more 
Bigiuilcant part in animal breeding than many practical agriculturalists 
realise in spite of the changes it has wrought in the aims, the methods 
and the structure of their oim industry No conglomeration of individu- 
ally small operators can produce the genetic improvement of which a 
largo concern is capable, unless they band together and so become 
largo them.selves. In short, the task of breeders as well as of professional 
research geneticists is to adjnst their operations to the needs of the 
present and the future so that they can contribute not only to their 
oivn personal welfare but to that of humanity. 
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Organisational changes as extensive and fundamental as those now 
taking place have numerous consequences. So it comes about that 
stockmen must learn to talk with mechanics, and auctioneers, to read 
statistics. Journalists have their own adjustments to make as do the 
nostalgic elder statesmen of agriculture. However, only a few of the 
problems that arise can be discussed hOTe and then only briefly. They 
faU conformably into two classes: those presenting themselves as a 
result of the expanding demand for the prompt solution of practical 
problems by research, and those that come of thinking in terms of 
individual animals or of herds and flocks. 


I. The Explosion of Scientific Information 

Since the last war there has been a rapid increase in the amount of 
scientific effort expended by both public and private agencies. This 
has brought its own difficulties, for the faster progress lias meant a 
high rate of obsolescence of research equipment. Sloro serious still is the 
obsolescence of research workers and teachers wliich now amounts to a 
galloping disease. Although tliore is much inconclusive worrying about 
this problem, no radical solution to it is in sight. In the paragraplis 
wliicli follow some of its salient fcatiues have boon described with the 
aid of Price (1961, 1963), Dodijor (19G2) and reports of the National 
Science Foundation (1961, 1003). Many other sources have also boon 
consulted. 

It is gouorally agreed that tho human population nmv doubles itself 
approximately every thirty-five to forty 3*ear3. Yet tho dotibling time 
for tho number of scientific journals and for sciontifio papers published 
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is estimated to be at tbe most fifteen years fa coimtries ofay 

recently developing their seientifio effort). The douhlmg time 
number of scientists and engineers {D.S. “tinmte) is 
that for total expenditures for research and 

six years; that for expenditure per head tfa 

for China and Japan to five years for the United Kmgdo , 

UnitS^tates, and Canada. In Commonivealth Agricnltmal Bureaux 

Journals, the number of abstracts has gone up from 25,661 m lJ 4 b to 
61 474 fa 1962. Since some of the increase is due to better coverage, i 
safe to conclude that the rate of expansion fa numbers of scientfac 
papers fa applied biology is rather less than fa physics and chemistt} , 
but it is still formidable. In animal breeding, the grou-th rate is ‘®s 
spectacular than fa many other fields, but nevertheless rapid. Thus, tor 
Animal Breeding Abstracts, the annual number of papers abstracteo 
has risen from 1200 to 3600 over the last twenty years, but the amoimt 
of material in the Journal of Animal Science has increased some M- 
fold from the first volume published fa 1042 to the last complete 


volume in 1904. 

Among tho fascinating implications of these and similar figures 
vluch have been brilliantly explored by Price is tho fact that about 
81^% estimate of 93% has been made by others) of all scientLsts 
^\ho have ever lived aro alive and working today. The number of 
scientists listed in “American Men of Science” has increased in tho last 
five decades from 5500 (60 per million jwpulation) to 96,000 (480 per 
million). Because of the increase in the frequency of multiple author- 
ships of articles, the total number of papers may not have multiplied 
at a similar rate, but its rate of growth is still staggering, especially 
since every author will apparently produce on tho average 3’5 articles 
(the individual record of 995 items in one person's bibliography seems 
to be hold by the British mathematician Arthur Cayley). 

In addition, a great diversification of sources of scientific information 
is occurring Tho unchecked flood of neu textbooks, symposia, pro- 
ceedings, reviews and monograph.s is threatening to defeat its own 
ends. Thus the number of scientific journals has risen in the last two 
centuries from 10 to about 100,000, and no slowing down of the rate of 
increase is evident although a ceiling somewhere must bo supposed to 
exist. 
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other aspects of research. Irrespective of their choice, they are boimd 
to fall steadily behind their yoimger colleagues relative to the state of 
knowledge and in comprehension of new ideas. Given the fact that in 
the realm of animal breeding research experiments may take a dozen 
or more years to complete, this state of affairs obviously threatens the 
pursuit of livestock investigations. For one tiling, it may be found that 
by the time all the data of an experiment are in, the methods and 
designs used, and possibly its very objectives, are out of date. For 
another, recruitment of professional personnel of high competence is 
jeopardized, if the satisfactions that scientists obtain fiom successful 
solutions of problems are withheld in this manner from them. 

A similar state of affairs might be expected to occur also among 
scientists working in industrial research and development, Surprisingly, 
this is not necessarily the case in all fields. Kovach (1960) has presented 
graphs showing that whereas the lag between the date of a discovery 
in mathematical theory and its application is increasing (fifty years in 
1860 as against seventy years projected for 1960), that between scientific 
discovery and engineering application is dramatically being reduced 
(sixty years a centiuy ago but only three or four now) . Indeed, in animal 
breeding practice, the lag may even be negative with application, on 
occasion, preceding scientific formulation or explanation. The use of 
inbreeding in breed formation for instance, took place long before the 
mechanics of attaining homozygosity were imderstood; and so did the 
utilisation of heterosis, the genetic basis of which has still not been 
completely elucidated. This means that in contrast vdth their col- 
leagues in uni^-ursfries and research institutes, geneticists u'orkfng in 
industry can commonly not only leap greater financial remuneration, 
but arc also likely to obtain more of the less tangible satisfaction of 
seeing the fruits of their laboxirs early. Those are factors vdth an adverse 
hearing on the incentives for productive and creative scientists to 
engage in basic research on animal brooding. 

Tlio fact that the bigness of science is affecting scientific methodology 
and the direction which research takes is indisputable. In animal 
breeding research specifically, accurate world-wide data showing how 
big the field has become are not available, but it is possible to give some 
figures of overall expenditures by governments and by industr 3 ’ for 
research and development. 

Tlioso data have limitations, somo of w Inch arise from the definitions 
used to distinguish botneen basic research, applied rescarcli, and 
development. For present purposes there scoms to bo no need to split 
hairs. The broad defimtions used in tho various reports of the National 
Science Foimdation can bo accepted. In them, rosoarcU is described ns 



192 


llODEBl? DEVELOnrENTS IK AKHIAL BBEEDtKG 


sj'stematic, intensive study directed towards further knowledge of the 
subject studied Basic research addresses itself towards increasing 
knowledge jSIendel’s o^erimcnts would fall into tliis category. Applied 
research is directed towards practical applications of knowledge. In 
this sense, investigations on the use of Mcndelian principles for practical 
ends, for example, transforming homed into polled breeds of cattle, 
would be termed applied research. Finally, development refers to the 
systematic use of knowledge for designing and producing useful 
prototypes, materials, devices or processes. The creation and improve- 
ment of a polled breed prior to its release to farmers would bo designated 
as development. 


TABLE 8 1 

Expenditures on sciencs in different countries (from Dedjjer, 1902) 


Country 

Year 

Research and do\ elopmont 
expenditures 

as % of gross per caput 

national product in U S $ 

USA. 

igOCMll 

28 

72 4 

USSR 

1900 

2 3(1) 

36 4 

UK, 

195S-59 

25 

26 0 

Sweden 

1959 

1 8 

24 3 

Canada 

1960 

1 2 


France 

19G1 



Australia 

1900-61 

00 


Japan 

1960-61 



Yugoslavia 

1960 

0 7 


China 

1960 



Ghana 

1960 

02 


Egypt 

1960 



India 

1959-60 



Pakistan 

1960 

0 1 

01 
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Table 8.3, where it may be seen that the investment by the’ U.S. 
government in research and development activities went up from under 
$10,000 million in 1961—62 to well over $16,000 million in 1965. 


TABLE 8.2 

Total expenditufG for research and development, 1901-02, millions of dollars 
(from ISfational Academy of Sciences, 19G5) 


Researcli and dovolopmsnt porformora 
Colleges Other 

Sources Federal Industiy and non-proGfc Total 

of fvmda government Ainivorsitioa institutions 


Federal 

govornniont 2090 

Industry 
Ck)llogos and 
unlvorsitios 
Other non-profit 
institutions 


G310 

4560 


1050 

200 

0050 

55 

90 

4705 

230 


230 

05 

00 

155 

1400 

380 

14,740 


Total 


2090 


10,870 
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The growth of research in agnculturo is sho^^-n in Table 8.5. Thc'^o 
sketchy data provide at least tho general financial background against 
which animal breeding research may bo viewed. Admittedly, space, 
military, atomic energy and medical research attract vastly more sup- 
port than does that in agriculture. But the point to be made is that 


TABLE 8 4 

Distnbuixon oj scxenitjic expenditures tn Britain (from Anon , 19G2) 



Basic 

research 

In% 

Applied 

research Development 

Total 

Government departments 
(military) 

1 

19 

80 

100 

Gov emmeot departments 
(civnlian) 

5 

45 

50 

100 

Atomio Energy Authority 
(civilian work only) 

20 

50 

30 

100 

Research councils 

40 

65 

5 

100 


TABLE 8 5 

Expenditures on research by some gotemmerU agencies (from Xational Academy 
of Sciences, 196o) 




Year 




1947-48 

195C-57 1960-61 

1962-63 





est 

U S Department of Agneultnre, 
millions of $ 

U K- Agricultural Research 

39 

88 

131 

160 

Council, millions of £ 

Scottish Department of 

09 


5G 

65 

Agriculture, millions of £ 
French National Agricultural 



3 7 

4 Of 

Research Institute, 
millions of NF 


9 0 

29 0 

37 6 


t Includes ad%'isory service 



8. OPEBATIOUTAL PROBLEMS 


195 


research expenditures on the scale of 1 to 3% of the total national 
income are possible for all bnt the most xmdeveloped coimtries. 
Whether this amount is spent for developing armament, for reacliing 
the moon, for research on limiting population size, for a search for 
cancer cures, or for -work on increasing food supplies, is a matter of 
choice for individual nations or for supra-state organisations. The 
policies governing expenditures of this magnitude must, of com*se, be 
considered from many angles udth which the present discussion is not 
concerned. For a fuller account, readers are referred to a report of the 
National Academy of Sciences (1964). 


11. The Tactics of Animal Breeding Research 

The investigations of the Lush school, although taking into accomat 
non-additive genetic variability, addressed themselves primarily to the 
additive variation which is amenable in some degree to straightforward 
selection. More attention has recently been paid to the theoretical 
bases of other types of variation, notably those involved in heterosis. 
It seems, houover, that the law of diminislnng xetums is beginning to 
assort itself in tliis approach to problems of livestock amelioration. 
Refinements in the statistical theory of genetics, as well as in tho 
estimates of parameters of concern to breeders are still being made. 
But they seem to be mainly of a technical rather than of a conceptual 
kind, and it may well be asked whether or not tho time has come to 
consider completely iresh avenues of attack on tho unloiomi in animal 
breeding. TIio que^ion has acquired some piquancy bocaiiso suspicions 
that early claims impljdng that population genetics could solve all 
problems of animal breeding wore exaggerated, are being ontertained 
now even by their warmest advocates. 

Only a fow years ago Lush (1900) himself surveyed problems of dairy 
cattle improvement wliich require further information for solution. 
It is somewhat distressing to find that, with a fow exceptions, they refer 
to tho very same issues that could liavo been listed, say, fifteen years 
earlier. Tlioy are: 

1. Information on values to bo used in Roloctioii indexes, tluit is, 
Ivcritabilitics and economic weights for each of tho traits 
to bo coivsidcred, and genetic and phenot^qiic correlations 
between them. 

2. Separation of epistasis from overdominnneo effects. 

3. Kxaniiimtion of tlio poisibiUtlo't of rotational crossbreeding. 

4. Possibilities of improvement by selection for combining 
ability. 
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5. Tho sigiuficanco and possibility of utilising gcnoUT®' 
cnvironmont interactions. 

G. Problems of data collection and processing. 

7. 3Ioro acenrato statistics on natality, mortality, sterility and 
other relevant properties of populations. 

8. Teclmiquos of creating now breeds. 

Lush also refers to artificial mutagenesis, but in such pessimistic 
tones so far as cattle arc concerned as virtually to o’ccliido it from tho 
list of prospective research projects. 

There is little doubt that all of tho topics in tho list aro worthy of 
continued attention. Hou many of them should fall uitliin tho province 
of state-supported research is, however, an issue. Tho list is presented 
hero merely to liiglilight tho point that, useful ns tho population genetics 
approach has been, and fruitful as it may continue to bo, in itself it 
does not now' offer many opportunities for tlireshold developments, a 
succession of wliich is necessary for research to tluivo. It has been 
validly said that tho greater part of scientific drudgery consists of 
moppbg-up operations. All of tho eight points listed are manifestly 
of this typo and are unlikely by themselves to lead to important 
fundamental discoveries. 


Such discoveries arc not arrived at merely by wishing. Tho time must 
bo ripe for them to occur. There must be tho right people to recognize 
where they may appear, perhaps to seize on an anomaly, pcrliaps to 
attempt a new' synthesis of observations or disciplines, perhaps to 
catalyse tho work of others Tlio recent great advances in genetics seem 
to have come about in great measure by tho intervention in biologj' of 
physicists, crystallographers and chemists, bringing with them fresh 
and imcomnutted outlooks Indeed, an histoncal example of such cross- 
fertilisation IS provided by Sew all Wnght’s oAvn short excursion from 
stnctly zoological and ovolutionaiy pursuits into animal breeding. The 
question then arises how' a now phase in animal breeding research can 
bOr^couraged to begin and where it may bo expected to take place 
The answer to the first of these questions, at least in part, depends 
upon that to the second since there are now several types of research 

S: ™ “-y bo appropriate. 
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2. Research units supported in part by state funds and eligible 
to receive subventions from private money-granting foundations or 
agencies. These are usually connected with University or Agri- 
cultural College departments, and are the most widespread type of 
unit for animal breeding research in Europe and America. 

3. Private institutions engaged in research as a public service. 
The Rockefeller Foundation with its work on Latin-American 
agriculture is an outstanding example of this kind. 

4. Statutory institutions, the primary function of which is 
production or marketing but not research, though part of their 
income may be devoted to research either directly or by supporting 
other agencies. The IVIilk Marketing Board of England and Wales 
is one example of such an organisation. 

5. Private industry. Compared with non-agricultural and some 
agricultural industrial biisinesses (e.g. in stock nutrition, veterinary 
medicine or ornamental horticultmo) those dealing with animal 
breeding still devote a pitiable amount of their expenditure to 
research and development. The outstanding exception is the 
poultry industry, w Inch, both in the United States and increasingly 
so in Great Britain, is investing very lioavily in tins activity. It 
may bo expected that similar developments will occur in other 
classes of stock in duo course of time, especially if commercially 
sponsored research institutes are extended to tliis field as much as 
they already arc in the physical sciences. 

The two latter types of agencies are at present devoting their efforts 
primarily to development and not to basic research. At best, they can 
bo expected to carry out research on q)Ocific raetliods and tecliniqiies 
of improvement of their product or on the principles governing the 
biological properties of their own stocks. Tlioro is a paradox hero in 
that research findings are, generally speaking, of mucli loss value to 
small scale producers than to largo ones, and, consequently, science 
may even work to tlicir personal disadvantage. Indeed, tJio original 
intention behind the i)ubIio financing and ndmimstration of agricultural 
research was to help an industry composwl of relatively small productive 
units. But by now, the picture has changed so tliat at the moment it 
boho^os the first two kinds of oignnisations to dovoto thomselvos to 
hasic research, to investigate general principles, and to tackle spocti- 
lativo, imaginative **fnr-out’' problems, ideas and experiments. State* 
supported institulioiLs should bo oncoumgod to scarcli for break! hrouglLS. 
And if they are to do so tmliindercd, responsibility for some of the 
applied research might bo de!egnte<l to thoother kinds of ngeneies as they 
l>ecome intelleclually and financially able to support it. 
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It has been said hy Pavitt (1963) that "in tho industrially advanced 
countries tho long-tomi, risky and often costly investment in research 
and development, and tho often imperfect knowledge of industrialists 
as to its potential profitability, make it liighly unlikely that an adequate 
level of expenditure on research and development for economic pur- 
poses w ill bo achieved without governmental encouragement and aid.” As 
far as livestock improvement is concerned, tliis point seems well taken. 

It should be understood that, since as yet much of tho agricultural 
production in the capitalist world is carried out by individuals, co- 
operatives and companies which operate on too small a scale to afford 
extensive applied research and development, governments (as suggested 
by Pavitt) might aid and advise establishments largely financed by 
individual companies but carrjing on research and development that 
would benefit tho industry as a whole. 

Clear-cut distinctions between basic and applied and developmental 
research projects arc notoriously difficult to make and to commit largo 
research laboratories exclusively to one kind would usually quickly 
prove foolish for various reasons. For one thing, recruits, oven if so 
cleverly chosen that all are skilled at basic work to begin with, will not 
all remain so. For another, a project may slip rapidly in cither direction 
80 that the original classification of either tho project or tho workers on 
it cannot bo maintained Some projects are primarily for educating 
the people who cany them out Others are to maintain an active corps 
of able technologists who can apply and adapt advances made else- 
where Still others may serve as an insurance against tho risk that some 
advantage in technique or resources will accrue oxclasively to a 
competitor. Notwithstanding all this, it is possible to place varying 
degrees of emphasis on tho several stages of research. What is now 
suggested is that, as livestock breeding becomes more organised, 
development and operational work will fall increasingly to the industry 
Itself to support, whilst basic and applied work will continue to depend 
on taxpayers. 


No recipo guaranteed to result in a breaktlirough is knorvn, but a _ 
number of mgredients can be given The Brst would be the abolition 
of spociflo crop-onented research units in institutions where they exist. 

>•> agricultural colleges, functional 
nrofSeThar'^ genetics, physiology, nutrition, would be more 
sden™ commodity ones, such as dairy husbandry or poultry 
oiTrisaSn “f. ^“=^6 >‘PPly to all species. Whatever the 

™ite. no impediments to pross- 

the units should 
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There should he freedom but not licence to explore any byways that 
a responsible investigator may %vish to follow. There have to be limits, 
and budgetary costs of experiments have to bo kept in line with the 
total resources of an institution. But only broad administrative 
restrictions on the approaches used, the materials employed, and, 
indeed, upon the aims of the experiments need be exercised. In choosing 
the scientists who would have such scope and independence in their 
activities, much care has to be exercised. Imagination must be tempered 
by intelligence, and non-conformity by purposefulness. As a desirable 
counterpart to such men, there should be others of sober judgment, 
and scientific conformity. No applied, operational, or developmental 
research can flourish vathout a solid imderpinning by fimdamental 
work. Developments in the United States have prompted Storer (1963) 
to say: . . we must expect to find that basic research will become the 
tail rather than the dog in coming years. Unless knowledgeable efforts 
are made now to protect it we may find it being wagged right off the 
dog without our being aware of it . . . when applied research comes to 
dominate science, it -will come under the guise of basic research.” 

Experts in non-biological subjects, or in biological disciplines other 
than genetics, could be encouraged to join tlie staffs of these research 
institutions. If the motivation for scientific work is either pleasure or 
gain, opportunity for one or the other, if not both, must bo supplied for 
recruits. All of these conditions simply mean great flexibility in ad- 
ministrative matters. 

ni. Contract Research and Consultants 

It is now possible for anybody to engage the services of experts or 
consultants who will advise on many aspects of business administration 
and organisation. They ivill conduct suix’oys of consumers, advise about 
advertising campaigns, and how to make the most persuasive charitable 
appeals. There are institutions which are well equipped and willing to 
carry out contract research. This is a form of activity wluch is somowliat 
more liiglily developed in the United States than it is in the United 
Ixingdom, and it seems likely tliat it will grow for the simple reason 
that not all business firms would find it north their wliilo to establish 
research laboratories to carrj' out what might bo an oxtronioly special- 
ised or short-term investigation. At the moment there sooin to bo few 
institutions of tliis kind for servicing the agricultural industry'. In most 
coimtries farmers liavo como to depend on 8tato-ai(le<l institutions for 
investigating their problems and giving tliom advice. It is doubtful 
wlvethcr either applied research or development in the field of livestock 
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improvement can any longer be handled entirely in this Tvay. This is 
especially so in the operation of breed societies or associations where 
the position is rather unsatisfactory. If they depend on advice from 
research institutions and colleges, one or other of three things is likely 
to happen They may get good advice which they can understand and 
apply; they may get good advice which is couched in indigestible and 
unacceptable form and is like com sown on stony groimd; or they may 
get bad advice which arises from the fact that their problem has been 
insulBciently studied by someone who has other things to do, and is 
not being paid for his efforts or lacks sufficient personal incentive to 
finding the best solution. It may be that in the future, as university 
institutions occupy themselves with fundamental work, industry 
■would ho well advised to make greater use of contract research. 

The concept of contract or sponsored research dates back to 1886 
although the first sponsored research in.stitutc was not set up until 
1911, following the establishment of industrial fellowships at the 
University of Kansas. There are now numerous commercial laboratories 
and a few largo institutes such as the Battolle Memorial and the Arthur 
D.Littlo, Incorporated, which undertakosponsored research (Woodward, 
1000). In some industries, chiefly those with a largo content of modem 
physics and chemistry, contract research has expanded until it now 
employs thousands of scientists. 
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teen anxious to expand tteir activities to crops or livestock which 
would require large capital outlays in farms and buildings. Their 
research has no direct advisory or teaching value. Some laboratories, 
however, do provide an advisory service through which experts, 
especially in operational research, can be obtained. 

For people and firms in the agricultural industry who are not ac- 
customed to the real costs of research, the expense of contract research 
is likely at first sight to appear alarming since research projects have 
to carry their proper share of the overhead costs. Nevertheless, contract 
research is now highly developed in the United States and in spite of 
some disillusionment due to too optimistic views of its possibilities and 
its use in unsuitable circumstances, it is likely to grow much more. 
Meanwhile, it is expanding rapidly in the United Kingdom, in Norway 
and Germany and other European countries where research associations 
have often failed to thrive. 

A prereqmsite for the successful use of contract research is that there 
must be somebody with a problem. It is not necessary that the person 
or institution should be aware that there is a problem, but should be 
capable of becoming aware. That person or company must also be 
interested in having the problem solved and in acting on the results. 
The solution, however, may turn out to have consequences which 
management had not foreseen and does not wish to accept. It goes 
without saying that whoever wishes to benefit from contract research, 
must bo -willmg to pay for it. 

Business enterprises, government departments and largo scale 
organisations of farmers are already using contract research for many 
purposes. Agriculture is ino\’ing gradually away from the small indivi- 
dual enterprises towards organisations big enough to finance contract 
research on problems that directly affect their running. Its growth 
starts slonly however, not only because the demand for it has to 
develop, but also because its success depends on acquiring tempera- 
mentally suitable scientists of groat skill. Normally, such i>ooplo can 
find very attractive occupations either in industrial laboratories 
attached to largo corporations or in universities. Hence, the success 
of contract laboratories is likely to be measured by the rate at which 
they can acquire the men needed. 

There scom.s no doubt tliat in the newer t^qjos of agriculture there 
rrill ho plenty of room for sohing ad hoc problems in biologj' and in 
appl3’ing operational research techniques Producing, distributing and 
packaging of farm products seem to bo no less and are probably* far 
more complicated than those ariring witliin other industries. Ofiico 
administration, data liandling and co-operatives also provide a vorv 
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fruitful field for the unbiased investigator. Purthermore, the shortage 
of good scientists in agricultural research institutions who are exp^- 
enced in these matters on conjunction with the difficulties of switching 
them from one activity to another when they have teaching and 
administrative duties to perform, will place an increasing strain on the 
machinery for agricultural research. 

Operational research was developed during the war as a result of an 
attempt to apply numerical t binidn g to wartime problems. Twenty 
years later it is possible to say that it has developed extensively m 
industry but is still in the process of discovering the appropriate 
scientific methods for combining the social sciences with the others 
whenever required to so in the solution of practical problems- The 
exponential acceleration of research means that each generation’s iHe 
and uncertainties differ more and more from those of its forbears. 
Precedent is a loss and less useful guide and consequently operational 
research faces an expanding volume of work. 

Another method which is rapidly developing in the United States 
to meet difficulties is the use of consultants. MTiere these are completely 
independent they operate like contract research laboratories but where 
the consultants are members of the universities’ staffe it is necessary to 
have some institutional agreement to their acting as consultants and to 
receiving the necessarj" rewards of their work. This is common practice 
in the United States (though not in agriculture) but in the United 
Kingdom, Tvhilo the employees of universities are usually able to accept 
substantial fees, this is not encouraged in the statc*aidod research 
in.stitution.s. 
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genetics and animal Oreeding, at least one enterprise specialising in tlris 
field is represented in the Society. It is a consulting firm ■n'hioh will 
process data, set up breeding programmes and carry out specific 
analytic assignments for private individuals, associations of breeders 
and govermnont research institutes which are attempting to solve some 
short-term problem. The species of animals in which the clients of this 
organisation are interested include cliickens, turkeys, cattle, dogs, 
rabbits and several hinds of fish. 

Should this type of sponsored research prove to bo as satisfactoiy 
in the field of animal improvement as it has in chemistry and physics, 
it may bo possible to organise small scale breeders who are willing to 
submerge their independence in a consortium large enough to compote 
successfully with the emerging giant poultry and livestock breeding 
companies. Little attention so far has been paid to biological problems 
and less still to social and motivational ones but contract research 
and consultation is a developing industry and it is likely to move into 
these fields more and more as time goes on. The discovery that business 
can conduct industrial research at a profit is on economic advance of 
the first order and it is by no means certain that the profit from bettor 
physical and chemical processes rvill bo any lughor than that from 
applying it to the biological and social sciences. 
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International Biological Programme liave been in operation or arc being 
planned. Pinally, a great number of international scientific congresses 
and BjTnposia, largely for exchange of information, arc being held, 
often under the auspices of international scientific unions or coimcils. 

TABLE 8.G 


Types of inUmational co operalhe enterprises (adapted from King in 
Goldsmith and MacKa}', 19G4) 


Organisation 

Number of 
member coimtnes 

Sj'Btem 

CERN 

13 

Largo centralised mstitution based 
on high cost of equipment 

EURATOil 

Q 

Beparato laboratories m different 
member countries 

ESRO 

11 

Co-opcration between different 
laboratories (individual initiative) 

ELDO 

7 

Division of labour between countnes 
(politically OTganuod) 

ENEA 


Independently managed and financed 
projects until central supervision 

OECD 

21 

Common programming and v oluntary 
collaboration but locally financed 
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may adversely affect the training of the younger scientists hy removing 
founts of inspiration. This aspect of the matter could be partly remedied 
by the introduction of a rotational scheme of assigning all of the re- 
searchers in an international laboratory to teaching duties for periods 
of time in various member coimtries, independently, of course, of 
national origin. These teacliing duties should not necessarily be in the 
form of lectures or university courses but could be adapted to the 
special talents of a given individual so that seminars, conferences, the 
writing of books, and the preparation of other instructional devices 
could be assigned depending on his special abilities. 

Breeding research appears to be adaptable to an international 
scheme of operation. The costs of fundamental work with large animals, 
if it is to bo carried out on an adequate scale, are prolubitivo for many 
of the smaller countries wliieh have recently acquired their inde- 
pendence. And yet these are the countries that need much research of 
tliis type on which to base their own applied work and development. 
Mere reliance on work done in the United States or the United Kingdom 
has adverse psychological effects both on the political morale and, in 
the long rmi more importantly, on the morale of the people who are 
responsible for development. Establislunont of international research 
oontros could provide for them a sense of participation. It would support 
a systematic exchange of visiting teacliing personnel and would go a 
long waj' towards inculcating the scientific attitude and a souse of 
responsibility. But it might ho exceedingly important not to permit 
such institutions to become toys for bureaucrats, a dangerous onougli 
failing on the national scale, and possibly fatal when international 
co-operation is concerned. 

Tliero is no dearth of subjects on uliich research projects, either 
centrally established or carried out in several locations, could bo imdor- 
taken economically and profitably. Princiiilcs derived from basic 
msearch must uudorlio development, and therefore the spooia! directions 
that basic rose.arob takes should, if only in part, bo a feed-back response 
to tbo needs of development. By pooling resources tlio have-not coim- 
trios would have a hotter opportunity of obtaining tlio informatimi on 
a Iiich development of tlieir livestock brooding must depend. 

Beyond tliis, there aro many applied research probloms tiuit could 
bo more readily solved on such a co-ojxirativo basis. I’or example, if 
gonotj-po-onvironment intoractions arc, as many boliovo, an im- 
portant limiting factor in the improvement of our livestock, the possi- 
bility of testing genotjpes over a m'do variety of environmcnt.s is greatly 
culianeed \ihen experimental stations ivorluiig on tlio saimi problem 
arc scattered, for instance, throughout tlio continent of Africa. m«te.vl 
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of located in only one country. There is also tlio possibility of using 
partial isolates or sub-populations with occasional intorcliango of genn 
plasm. This was considered by Wright to bo the most ofTicicnt way o 
producing long rar^o evolutionary change, and it could bo oxploite 
by pooling the resources of soveral countries. The introduction oi 
exotic varieties and creation of unrelated inbred lines for crossing 
might bo facilitated in the same way. 

Finally, not the least of the benefits that may bo expected would 
come from improvement of documentation, standardisation of data- 
publishing methods, increased reliance on a common language, especially 
for abstracts and, perhaps, the stemming of tho rmcontrollcd tide of 
scientific ioumals by internationalising tbem. 


V. Decay of Genetic Variability 

It may soon become one of tho implied responsibilities of any organ- 
isations or institutions which control tho genetic destiny of a vholo 
species to maintain a reserve of variation for further improvements and 
for unforeseen shifts in the environment or in demand. Indeed, it may 
be said that each generation has an obligation to see that genetic 
variation, like soil fertility, is not handed on to its successors in an 
exhausted state. The argument, however, that such reserves may bo 
needed in case new diseases spread is only partially valid. In tho past the 
advances made in veterinary science appear to have come more quickly 
than truly ^sease resistant individuals could bo bred. Tho length of a 
generation in the larger animals means that pathogens could probably 
outpace selection for resistance (an argument first advanced by Haldane 
against the possibility of successful natural selection for infectious 
disease resistance). But it is, of course, possible that changes in environ- 
ment, or extensions of the existing range of environments (and hence 
m the most efficient genotype), may be necessary. Such could arise, 
for instance, from mechanisation or intensification. Similarly, shifts 
m demand can be rather rapid and require rapid responses. An example 
of this type is provided by depth of baekfat on pigs. Had there been no 
gc^tic vanability m this character, pig breeders would not have been 
able to reduce the amount of fat by breeding when tho market dictated 

Indi.^l°“^ eolations some decay of genetic variability is inevitable, 
e^^.; advances must normally always be made at the 

craSristtherer ?■ gonetio varianceby artificial muta- 

uractical in demonstration that it is 

practical m domestic animals ha, been given. Furthermore, .mtil 
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directed mutations can be induced, the undesirable changes simul- 
taneously produced might make this too expensive to put into practice. 

Breed or strain crossing, that is, introgression of genes from one 
population to another, presents more immediate means for renewal of 
variation. But its use involves the maintenance of separate strains, 
breeds, or gene pools, t^^ether or not a monopoly which'has fomid one 
particular population to be the most successful money-maker would 
necessarily keep in storage other populations simply with an eye to the 
future, depends on the position of the horizon in its planning. It is 
readily conceivable that exigencies of a purely economic kind may 
require such organisations to discard their stocks even though originally 
their managers had fully intended to keep them indefinitely. This 
argiiment should not be construed as advocating the maintenance of 
all available and newly arising genetic variants. In the future gonotio 
variation may be contrived as needed, if not by mutagenesis then by the 
use of exotic breeds, and hence it would be wasteful to regard eveiy 
variety of livestock as a potential treasure house of genes to be preserved 
at all costs. Given Holstein and Jersey cattle, it is likely that every 
other Imown dairy breed could bo reconstructed as closely as need bo, 
and many more. For some time yet, mucli genetic variation nill bo 
preserved because of the innate slowness of evolutionary processes and, 
in the absence of regimentation, because of the wshes of breeders who 
pursue breeding policies of their own independently both of brood 
societies and artificial insemination organisations. 

Some play is made from time to time with the idea that unpopular 
breeds may bo useful stores of genes. If anyone know what genes would 
bo useful in the future (but not now), if anyone could say wliothor a 
sjiccific breed had them, if anyone could bo noiuinated to undertake 
the task of extracting and exploiting them, the idea might liavo a 
bettor chance of loading to action. Although few will raise a finger to 
savoredmidaut breeds, except for rcscaroh.much effort lias boon devoted 
to making or introducing additional breeds. There may bo a time coming 
vhon qualities such as resistance to metabolic and bacterial disease^, or 
efficiency of food use, may have to bo rapidly developed by crossing 
uith exotic breeds instead of by the blow process of modifying current 
populations. 
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Bensiblo to preserve some that have become superseded as has been 
argued by Howlands (1964) for wild species of animals in zoos. 

Those who are interested in numerically small breeds would often 
like support to keep them alive, through financial assistance if necessary. 
A much more pertinent way in which the problem of maintaining 
genetic variance can bo mot is to subdivide large gene pools into sub- 
populations. Organising gene pools to which moribund breeds contri- 
bute (particularly if they are moribund on accoimt of their small 
numbers and not because of their lack of merit), might bo worthwhile 
in spite of being a highly improbable undertaking. A simpler solution 
would lie in banking frozen sperm, since genes stored as haploids are as 
useful for the purpose as those stored as diploids (see next section). 

The prime issue in the whole matter is the question who is to initiate 
any scheme of preservation of genes or breeds, who is to direct it, who 
is to carry it out, and, above all, who is to pay for it. Fortunately, 
there is no immediate urgency in this connection, except, perhaps, for 
chickens. The overall philosophy of responsible decision in a capitalist 
society is a much more iveighty matter than its application to animal 
breeding, and tho probability is that the solution to this particular 
problem will have to bo found from general principles. Further 
comments on tho subject of genetic variability appear in the next 
chapter. 


VI. Gamete Preservation 

Much attention has been devoted recently to methods of preserving 
gametes for long periods of time. A good many of them have been found 
successful. Thus offspring have been produced from frozen sperm of 
vanous species of animals, frozen eggs have been successfully thawed, 
lertilised and in a certain percentage of cases developed into embryos 
followmg transplantation. VanDemark (in Hodgson, 1901 ) can bo 
consulted for a reidew of tho history of experimentation on this topic, 
begnmng wth the first successful artificial insemination of dogs 
performed by Spallanzani in tho 18 th century. Wien tecliniques for 

crimes may proinde another way for prese^ng gametes) L per- 
and iomvf livestock production 

acouSn^^r to establish extensive facilities for 

liavo bfSn^undr^^ distributing gametes of a variety of species 

for some time. 

and altho^eh the face of it to bo exciting 

and although many purposes to which tho use of such facilities could 
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be directed have been suggested, a sober examination of the contribu- 
tion that storing gametes can make to animal improvement tends to 
dampen enthusiasm. Among the uses to which repositories of gametes 
could he put, the following may be noted. 

1. Storage of germ plasm. This is in part a matter of regidating 
supply and demand. Should a type of stock be produced in excess 
of the needs, gametes may be saved for future expansion. Similarly, 
various types of germ plasm which may not have any current 
economic value could be stored hi case they are required, and 
reserves of genetic variability maintained. 

2. Long range control populations Activation of frozen gametes 
after many years could be undertaken to provide populations to 
servo as controls on the progress achieved by selection Tliis idea 
requires the assumption that no gamete selection among the 
frozen and successfully reactivated gametes will occur. IVliother 
this research tool would be useful for industry may bo questioned. 
Other ways for maintaimng controls can perhaps bo devised at a 
lower cost and with greater assurance that they would servo the 
purpose (see the following section on control lines). 

3. Bach-crossing successive generations of daughters to a single sire 
in order to establish highly inbred lines. Tliis is a likely usage of 
gamete preservation. But it is also likely that alternation of son 
X dam and sire X daughter matings woidd bo satisfactory enough 
to avoid the need for long-term storage. 

4. Increasing the numbers of contesnporary offspring of single 
individuals. 'Undoubtedly, egg preservation could bo of value in 
the progeny testing of females. Hon over, it is probable that 
transplantation of ovarian segments or egg transfer could bo used 
in a bettor and simpler nay. For male progeny testing, more 
ofibetivo usage could bo made of fresh semen. Tlio only romaim'ng 
possibility imder tliis rubric is the increase in the number of 
offspring from progeny -tested individuals, but the considerations 
ndvancod for progeny testing also apply hero. 
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sperm in lead-sliioldcd containers, the number of mutations would 
be reduced, since exposure of gamete-producing cells in a li'*® 
organism to various mutagemc agencies would be avoided. There 
may be some biological justification for tliis practice in the human 
species but its social, psychological and economic aspects involve 
controversial issues wliicli this is no place to disciLSS. For livestock, 
the matter would appear to be of trivial significance. 

7. Maintenance and introduction of new or exotic stoclcs. Trans- 
portation of gametes may bo a cheaper as well as a more hygienic 
vay than introduction of live animals. Kevcrtlicless gamete 
storage for this purpose docs not seem at the moment to be a 
particularly important technique. 

Thus, vhile sperm and egg banks of livestock may become common- 
place in some distant future, no important functions for them can be 
discerned at tliis time. 


VII. The Use of Controls 

The difficulties of verifying the results of selection ©xperiments and of 
genetic trends in the quantitative characters of domestic animals have 
already been alluded to in Chapter 3. But difficult or not, operating 
managew of artificial insemination schemes, economic planners, and 
other citizens and officials need information about Avhat genetic 
changes are occurring in populations of animals designed to supply 
food for the world. Indeed, if investigators and breeders are to provide 
critical interprrtations of experiments, more general applications of 
techmques which will separate genetic from non-genetic changes is 
imperative, as has been argued by Good™, Dickerson and Lamoreux 
(m Kempthome, 1960). ’While at first thought the cost of measurements 
needed to accomplish this end with livestock may seem prohibitive, 
more careful appraisal suggests that selection experiments without 
such measurements, and thus not susceptible to critical analysis, may 
b^en more costly. The use of controls has been adopted in poultry 
bre^ and appears to be already paying dividends to one commercial 
breeder emplovmtr it IDip.k«»r«fw iono\ 
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upon for guiding companies and institutions in making decisions on tins 
point. It may then be suggested, if only for the sake of argument, that 
perhaps 10% of the estimated gain in performance converted into 
financial terms should be devoted to discovering whether or not an 
expected gain has taken place. 

In the past a great deal of effort has been invested in the so-called 
improvement of livestock. This has been done as a matter of faith 
rather than on any assurance that the improvement as hoped for •will 
actually take place. The effort of trying to estimate tlie cost of running 
control lines might even have the incidental benefit of dra^ving up a 
balance sheet which would show on the one side the costs inciured in 
attempting to obtain improvement and on the other side the value of 
the improvements achieved. 
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and maternal effects to bo isolated (for a statistical analysis of this 
method, see Gicsbrecht and Kempthomo, 1905). It is probably bes 
suited to poultry where trulj* contemporary comparisons between 
sufficiently largo populations aro feasible. 

All types of control so far devised aro open to various kinds of objec- 
tions, but it is to bo doubted ■whether any of the objections arc more 
serious, or any combination of them are more serious, than to Iiavo no 
controls at all. Tho main oxxwnse of keeping control lines, either of tlw 
independent closed population or of tiio repeat mating t j^ios advocate 
by Goodwin and his associates (foe. cit.), arises from the cost of main- 
taining a sufficiency of males, cither to prevent inbreeding or to enable 
them to be used in successive years when they would normally be culled 
after one year. 

In cattle, pig and sheep populatious, the maintenance of control lines 
might be less expensive than in a poultry breeding concern where this 
operation has to occupy space that could bo devoted to the production 
of chickens for sale. Becording of the necessary information and subse- 
quent analysis are, hou ever, major sources of expense in all animals. 

The type of control adopted in anj' circumstances should bo determined 
first of all by the specific questious which it is to answer, and secondly, 
by tho permissible number that shall be available for it. This means 
effect that the costs of maintaining the control animals determine their 
number and tho volume of records made on them. 

One of the complications with mammals is that maternal effects often 
affect the performance of repeat matings. Whenever this might happen* 
it would be important to have good estimates of them. One way 
avoiding this complication would be to have repeated matings on the 
male side, either by keeping the males for several generations of 
breeding, or by using frozen semen. Variations of this method have 
been exploited by Van Vleck and Henderson (19G1) for dairy cattle and 
by South (1962) who found suitable material in a pig herd for his 
purpose. Although valuable as a demonstration of what is possible, this 
method is perhaps too uncertain in operation to be acceptable as a 
permanent policy. It is probably only a matter of time, however, before 
improvements m technique will allow wider use of control lines or other 
methods of estimating real genetic changes, a consummation in both 
public and private mterest. 


VIII. Animal Improvement in the U.S.S.R. 

regarding the operational probleDM 
of animal breeding refers to tho rituation in the Western world. In the 
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Ooimmiiust countries the political situation and economic structure of 
agriculture may make much of the previous discussion irrelevant. 
However, it is by no means clear what the situation is even in the Soviet 
Hnion, literature on which is abundant. The diflSouities arise firstly 
from the rapid changes in instruction, research and development 
policies which seem to be rmprediotablo. Secondly, there is the paradox 
that in a monolithic state in which it is avowed that the only purpose 
of science is to serve the economic needs of mankind, agricultural 
research has, in fact, been divorced from fundamental biology. 

As is well known, Lysenko was a virtual dictator with reqjoot to 
agricultural genetics between 1048 and 19G4. SXendelian theory and 
especially its statistical aspects were derided and considered to bo 
pliilosopbioally unsoimd. Although Lysenko’s own background was an 
agronomical one, ho had recently turned to problems of dairy cattle 
improvement. His own results did not represent an3d,hing startlingly 
unorthodox and, oven before his fall, it seemed that some of lus associ- 
ates were moving into the direction of ordinary population gonotio 
approaches to animal improvement. 

Since Korombor 19C4, a veritable revolution on the gonotio front has 
occurred. Not only has Mondolism bocomo respectable, but a drive to 
update textbooks and i-esearob programmes olong the linos of modem 
molecular biologj' and biophj'sics was initiated. Tbo great difficulty 
with respoot to livestock genetics is the lack of informed technologists. 
A gap of a whole generation of genetically' oriented teachers, research 
workers and brooders presents a formidable handicap to the prompt 
revival of tho gonotio work of the kind cJirriod out by Sorobrovaky 
(before Ly'sonlco’s rise to power) wliich in many of its features re- 
sembled that of Lush. Only' tho future will show how tho problems dis- 
cussed in tlus book will bo tackled in tho U.S.S.R. 

hlcanwliilo, it may bo iustructivo to give a translation of tlio summary 
of a report on tho Eleventh International Congress of Genetics hold at 
tho Hague in 10C3 by Lysenko’s deputy director, and later acting 
director of lus former laboratory (Ku-sUnor, 1903). Appearing, ns the 
report did. in a bolUgorontly anti-31on<iclian journal, it gives some notion 
if not of tho state of nfiairs, then at tho least of flio stalo of mind 
about a year before Lysenko’s views fell into official disrepute. 

Tho summary reads: 
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“1. Tho time has como to pass a special decree regarding the 
utilisation of heterosis in tho dificront branches of animal Ixas- 
handry analogous to tho degree ■uliich in its time ensured the mass 
production of hybrid com seed in this coimtry'. 

“2. A systematic study of blood groups in the loading breeding 
populations of cattle must bo organised. ^ 

“3. For a cheap mass organisation of tho analy'sis of milk lor 
protein content it is essential to arrange tho manufacture of modem 
equipment and reagents similar to those uddcly used in Holland. 

“4. It is highly desirable that feed cost in the growth and finis i 
ing of Bovine for pork should become a basic criterion of selection. 

“5. It is necessary to commission networks of zootcchnica 
scientific establishments which have poultry departments to 
create specialised strains of chickens, which upon crossing wouJ 
give highly economic broilers that, at the time of slaughter (at 
60-70 days of age), would expend not more than 2‘5-2-G kilograms 
of food per Idlogram of gain. 

“0. In zootechnical scientific establishments, it is neocssar}' 
broaden investigations on tho problem of correlations bot'o eon the 
most important economically useful traits of animals, so that 
rational selection methods for combining in tho organism tho most 
desirable traits could bo worked out in different species of animals. 

“7. The question of the possibility of organising studios on 
hereditary improvement of livestock and birds with respect to 
their resistance to certain dangerous diseases shoidd be discussed 
by zootechnical and veterinary scientific establishments. 

“8. pleasures should be taken to improve the teaching of 
genetics in agricnltural colleges and to introduce into their curricula 
questions of population genetics.” 

As the reader null recognise, the recommendations made vould 
have been mulatis mutandis conservative in tho West t\venty years ago, 
albeit a good many of them still remain to bo implemented. It will bo 
of considerable interest to see whether these reforms will be introduced 
faster into Soviet agriculture than into Western. 
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It is a main objective of animal breeding research to make 
methods more efficient and more effective, -which implies that tto 
research mnst, in the ultimate sense, bo directed towards understanding 
the nature of the biological phenomena underlying them. Basic researc 
results in the public domain can benefit the world at largo, whereas 
developmental inve^igations may have only local value. Furthemore, 
profit making industrial establishments cannot be expected to inv^ 
in excessively speculative research although public interest demands 
that somebody does. A whole spectrum of research projects ranging 
from strictly operational problems and within the ambit of industna 
establishments, to fundamental biolo^cal studies likely to be -under- 
taken only by exclusively research organisations, can he readily outlined. 
The limit of such a catalogue of posribillties in animal breeding research 
is the limit of ima^nation, courage and space. Carrying out the research 
itself is a matter of technical competence and money. 

The have-not nations must conserve their resources and employ 
them primarily for increasing capital investment and for meeting 
immediate consumers’ needs. Long range research which is a gamble, 
then must clearly fall to the have-nations In many ways both the 
United States and United Kingdom have risen to the challenge, albeit 
still at an inadequate level (see Chapter 8). But, for a reason difficult 
to fathom, in the socialist countries, only now does there seem to be an 
awakening to the need for a fundamental approach to agricultural 
research. 


The perusal of agricultural science journals from the Soviet Union 
and Bajrtem Europe suggests that the main occupation of their experi- 
ment stations and agricultural colleges is to engage in empirical field 
tests without the least concern for the fundamentel biological signifi' 
cance of the results obtained- While proper statistical analysis is being 
found in an increasiiig number of papers, proper designs are not. 
Ft^hermore, the objectives of most of the experiments reported seem 
to be to try something without rhyme or reason and see what happens, 
^e alleged transformations of chickens by blood transfusion from other 
breeds, however, has a sort of theoretical basis in Lysenko theory, if h 
may be called that But experiments of irradiating chicken eggs with 
raali doses and observing the laying performance of the birds hatched 
them «5em to be based on no preconceived idea of any sort. 
^enUfic meth^ology presumably involves testing of hypotheses. 

’f,'' testing my hypothesis. In 

^ also there is the rish that too many sneh experiments 

eo ^‘‘'“Pted merely because there are not eningh good ideas to 
go around. There is, therefore, a danger that continuous spending of 



9. GENETIC RESEAEOH 


217 


public funds on trivial and pointless research -will rebomid and result in 
lowered support of science. This must not be allowed to happen. As 
more control of operational research is placed in. the hands of commercial 
enterprises, it is imperative to preserve the quality of fimdamental 
research in agriculture, including animal breeding The bigness of 
science is very relevant here. The growth of scientific endeavour brings 
in its wake an emphasis on expensive and fasliionable equipment, 
digital computers, electron microscopes, amino acids analysers, and the 
like. And the costliness of experimentation with large animals makes it 
important to ensure that the available money and time must bo spent 
on projects that spring from good thinking. 

Lemer (1962) has reviewed a variety of research problems specific to 
poultry. Jilucli of the following chapter is an extension of lus article. 
The topics dealt vdth are only a sampUng, and they are presented iii no 
particular order. Altliougli the emphasis is on basic questions, a good 
many topics considered have an immediate bearing on breeding 
practice. 
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oRvironmcnt impccd on all herds or flocks Rhorover they arc kept. 

oven it the environment itself is fluctuating or cyclcel. 

Allied to this general prohlem is its eomplemcnt. I" ° 
selection has rmtil recently entailed trjnng to P™'-™ 
suitahle for a particular environment. Emphasis could be reve - . 

determining the kind of particular environment, "S 

feeding, and temperature regimes, or hormone treatment.s, that svoul 
suitable tor specific gcnotj-pcs already in c.vistoncc. It now 
animals are to be utilised in food production, tliis approach may oo in 

only practical one. ^ ftift 

On the border line between operational and basic re^arcli 
search for liighly hcritahlo markcrR which might be linked with or 
might depend on genes controlling the jihcnotj-pic cxpr^^'io^ o 
economic traits. Tlicro lias alreadj’ boon work on the determination o 
the levels of certain ciuj-mcs in blood or blood group as an indicatioii 
of production qualities. At tliis stage, it docs not seem clear whether 
the blood-grouping laboratories associated with many Amenwn 
poultry breeding enterprises are used for selection or liavo other 
reasons bclund them, such as advertising or policing francliiscd dealers. 
Nevertheless, there are many developments in the field of iramunolop 
and biochemical poljTnorphism wliicli would suggest that it may t)o 
worthwliilo to continue examining blood groups, blood protcin5> 
enzjTnes, metabolic breakdown products, for correlations ivith ccono^c 
traits (see a subsequent section on biochemical and immunologica 


variation). 

Some way of circumventing the biological incfTicicncy of production, 
perpetuation and multiplication of superior gcnotj'pcs is needed. It is 
bad enough to have sexual reproduction break up an optimal genotj'p® 
because of ilendelian segregation, but added to this is the fact that 
production of heterotic types, dictated by the economics of the situ- 
ation, is often leas efficient than closed population selection. If it 
possible to induce cloning or asexual reproduction, both complications 
of this sort would be overcome. How soon, this millenium will come 
cannot be said at the moment, but it is the easence of an enquiring 
mind not to set boxmds to the possible, improbable as their trans- 
gressiem, may seem. 

iluch of the mathematical theory of selection and selection, limits is 
based on simplifying aasumptions many of -which have already been 
d^cuased. It seems rather important to be able to verify these assump' 
tion.s, and, further, to be able to remove restricting conditions. Tins 
clearly means extending biolo^cal knowledge of each species. It may 
be granted that general notions about the expected genetic changes 
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under selection Trhich have been derived from e:q)erinients with 
laboratory animals can provide a partial guide to practice when larger 
animals are concerned. But each species has its own biology and may 
have peculiarities not present in the laboratory animals used in pilot 
studies. It is well known that under natural selection a great variety 
of meclianisms for attaining the same basic ends has been produced 
and it is hence important to find out exactly which ones have been 
adopted by each species. How general, for example, are segregation 
abnormalities in cattle, sheep and turkeys? lITiat role does cj’toplasmic 
inheritance or virus trairsmission through the cytoplasm play in 
chickens, swine or sheep? Is the number of alleles the same per locus 
in cattle as it is in bees? How important is the fact that in most domestic 
animals there is a large number of chromosomes instead of the few 
foimd in Drosophilal Is there much non-randomness in crossing-over 
with the consequent tendency to build up polygenic bloclcs? Ik the 
estimate of mutation rate characteristic of Drosophila or mice applic- 
able to pigs or beef cattle? 

Trom what is known of genetic theory, it can bo predicted that no 
system of selection may be expected to work efficiently for an indefinite 
period of time. Sooner or later (and the more efficient tlio system, the 
sooner), oxliaustion of genetic variation, induction of negative genetic 
correlations among favoured traits, and redxiction in Darwinian fitness 
as a correlated response, arc bound to enter the picture. It is, thoroforo, 
small wonder that selection for aimual egg production may after 
several generations lose its initial effectiveness. Reports of tliis liavo 
boon provided by Abplanalp (1962) and jMorris (1D03). It is one of the 
great deficiencies iu current breeding programmes that no signals to 
show' wlicn a selection or breeding system should bo changed have boon 
developed. The difficulties of measuring selection progress, owing to the 
great environmental variation, from year to j’oar and the costliness of 
maintaiiung adequate coutrola (discussed iu Chapter 3), are at present 
too great to permit such signals, but a search for markers, or bioclicmical 
indicators of some sort, which would measure changes in the gone 
array from generation to generation as an index of selection jirogross, 
should undoubtedly be instituted. 
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that, ot now genott-pcs and phonotypc, should ho out of ‘l'» 

Artificial mutagenesis is one technique that may je„TCCS of 

variation. Mutation hreeding has been tned with ' ' -a 

success in many plants. To mention only a few: barley - 
beans, rice, potatoes, fruit trees, subterranean clover, 
mental plants liavc all boon subjected to radiation in order to T? , 
variability. But the attempt, already cited, to evtend tins sort of stuuy 
to poultry has been un.succcs.sful. Tlie only project dealing wi 
animals -which ha.s indications of reasonable success is one deaUng 


mutagenesis in the sdlkworra (Tozima, 19G4). ^ , Vc+mt 

Alternative methods of creating new variability include (U 
hybridisation -wMcb Is likely after a period of selection to result in ^ 
production of new combinations. Contrarj' to mutation breeding 
■where the improvement in the genotj-pc may be expected to occur 
gene substitutions at relatively few loci, distant hybridisation 
best attempted for the production of complete novelties. Introducti 
of single genes from uild populations in the manner done by 
breeders is probably of limited utility in livestock. But an avenue 
creating now types may lie in tlic selection for crossabiUty of dineren 
species. For example, considerable variation in fertility and 
ability is found v hen different straim of chickens are crossed ^th t o 
Japanese quail. It should be possible to select for breakdown of isolation 
barriers bctvk ecn these species and thus ori^nato new forms of aninia 
wWch might be useful for food production. 

A still further x^ossibihty lies in subjecting populations to stTes.> 
either by manipulating environment or by introducing foreign gei^» 
not for their own value but for unma.sking cryptic genetic variation 
that is present but not manifested. Examples of tliis approach are 
pro-rided by the study of Dun and Fraser (1958) of whiskers in mice, 
and by Aljplanalp’s (1902) investigation of shock breeding in cliickens- 


til. Sex Control 

An intriguing challenge of long standing is sex control in mammals* 
llany attempts of varying degrees of souse have been made to influence 
sex ratios at conception or birth, but so far compelling evidence for 
success is lacking. The most hopeful procedures are attempts to 
separate X- and Y-hearing sperm in the semen. Differences between 
them are of immunological, morpholo^cal or electrical nature. I®' 
munologcal work has not so far helped much although claims for sero- 
logical identification of evcai smaller antigenic differences than tho^ 
to be expected between whole chromosomes have been advanced- 
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S otr considerable d^bts on thSS™reT 

Moi^hological separation of the two lands of sperm bv t-,W 
of chromatin in them was suggeSd 
T„.+° C'°° .(I-osli. 1925). The recent investigations along these lines are 
encouraging (Lindahl, 1958. 1900; Andersen md 
by separation of rabbit X and Y sperm 

ThetonJ t *>y Bhattacharya (WG2) 

rfpH of b^”® attempts at influencing sev ratios by dietary control 
stoc5 I9M) ^"ccessful (Weir and Hauben- 

and charge between the X 

reit.. * J ^ "'C® ^ ™C'*C some thirty yeare a^o and 

Thovha-f ctcength of experiments with rabbit semen 

bv R^r J*®®" cot'cised m a review of the evidence on the subject 

nn (loeo). Thus, at the present time it may be saW Xt 

but thf ° influencing sox ratios of livestoolfaro available* 

'i^ssimilarities in the two lands of sperm, bo thov 
“ P’^yc'cn'. lias by no moans boon o.\liaustivo and is wortif 
"•Mo pursuing further with restrained optimism. “ 

worrinT i'ctcrogamotio, similar 

Iro ^ cluokon, the turkey or any other species of bird is somowlmt 

idenS^nossl wf'T of influencing sex ratio svould bo to 

tecimioups ? “®; *'.‘® ?■■ >-ca"'>nng eggs, altiiough there are no 

liosfaL W nnraediate prospect. An alternative 

sox *'*c/c“‘™f i>°« or masculmisation, as desired, of embryos uhoso 

■X has ab-cady been genetically determined. Work on the ondopripp 
so^ar it problem ha,s been in progress for many j-cam but 

ar It does not seem to have led to fnutftd results In fact the onlv 
^^ampIe of an usrful animal in wlueb experimental eontml of "ex 
and I™" «‘'Monn (Asfaurov, 10C2 and Aslaurov 

riiis arshaver 1957). Xovertheless, the reward for solring 

ficalo^JnV ™ * '"* continued research, at least on a pilot 

' 10 With laboratory’ animals, should bo encouragofl. ^ 
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Olsen’s work ^\ith tnrkcys and cluckons (sc 
Beatty’s (1957) monograph. Of tho various 
processes listed by liim, those wliich lead to 
forms seem to bo of greatest potential. There aro at least three: (a) 
body fertilisation, (b) doubling of tho chromosome numbers ot tno c^, 
(c) tetrad formation with subsequent reduction in cliromosomo nx ^ 
bers. Although much effort has been expended, conspicuous succ^s in 
finding spontaneous or ropcatably producing experimental partheno 
genetic foetuses brought to term has not boon achieved with mammas, 
lilost of tho treatments induce parthonogenotio development but o 
embryos usually do not survive. 

Yet there are many tcelmiqucs wliick appear sufficiently promising 
to bo pursued, especially since survival in at least tho early stages o 
life is compatible wth some of these methods. Evidence suggesting t lo 
possibility of producing parthonogonotic mammals is available on many 
invertebrates and some lower vertebrates. In turkoj's, Olson (1900 an 
earlier) has found a considerable proportion of individuals of 
tancous parthonogonotic origin, as well as some conditions under whicn 
their incidence is enhanced (o.g certain virus infections of tho dams)* 
Unfortunately, in his exporimonts, all individuals that lived long 
enough to allow sex identification wore found to bo males. This migh* 
be expected if they arose by doubling of chromosome numbers and i 
X-loss birds are inviablo. More than twcnty»fivo of such partheno* 
genetically produced males were so far found to bo capable of siring 
offspring (Olsen, 1905). Furthermore, selection for increased incidonco 
of parthenogenesis has been remarkably successful. Although such 
males are of great biological interest, it is difficult to seo tho other than 
experimental pruposes for which they could bo used. 

It may bo hoped that research on mammals in tliis field will bo con- 
tinued. Among them, it would be females that would result from a 
similar parthenogenetio process. And in mammals, unlike birds, 
practical application of a method of producing such individuals i® 
much more promising. Rapid inbreeding, virtual self-fertilisation or 
cloning (depending on tho nature of tho apomictic process) could b® 
practised. It has even been suggested that parthenogenetio techniqxi®^ 
may make the male completely obsolete. Not only could females be 
self-propagating, but they would virtually bo assured of a sort of 
immortality. Since no immunological incompatibility would exist 
between mother and daughter, a ready supply of daughters could bo 
maintained to furnish the mother with replacements for worn-out 
organs. 

This type of research requires tho investigation of successful methods 


0 below), is provided by 
kinds of parthcnogcnoric 
tho production of diploid 
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of inducing parthenogenetio development and determination of the 
intra-uterine and post-natal regimens and environments in which such 
animals could survive. There is no doubt that the search will be a long 
and expensive one, but, should it be successful, some of the groat 
problems of utilising heterosis in the larger animals woidd be overcome. 


V. Maternal Effects 

There is a great deal to be learned about maternal effects. The subject 
bears not only on population genetics, but also on a great many other 
aspects of animal production. For present purposes, a list of the types 
of maternal effects which need to be investigated is sufficient. Such a 
list will demonstrate their widespread significance; 

1. Genetic (a) Tlie effects of common environment of litter mates 
and, to a lesser degree, of non-contemporary sibs on the variance 
between imrolated individuals; (b) the accumulafioa of spom 
taneous mutations iu oocytes of the dam as a function of her ago, 

2. Gytohgical (a) Cytoplasmic orplasmoninlioritanco; (b) oliromo' 
somal abnormalities due to irregularities of segregation in egg 
formation. 

3. Emhryohgical (a) Congenital malformation duo to msults to 
the dam or to other causes, such as agoing and changes in tho 
physiological or nutritional state; (b) growth of ombrjms in niero 
or in of birds. 

4. Immn7iological Mother-foetus incompatibility. 

5. Physiological (a) Tho possibility' of inoroa.ses in tho variability 
of metric traits of offspring duo to a progressive Ios.s of the dam’s 
ability to maintain tho propor intra-utorino onrironraent n.s aho 
grows older; (b) variation in post-natal growth of mammals os a 
residual of inliuoncos on tho embryo or of pro-w caning nutritional 
offocts; (o) liaoraodymamic and placental influences oji the growth 
of tho foetus. 
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offspring can bo fully understood. Since s( 
depends on this relation, the importance 
hardly bo overestimated. 


0 much of animal production 
of this topic of research can 


VI. Disease Resistance 

There is very little doubt that Gowen’s (1937) dictum that “No investi- 
gator who tos adequately sought inherited host 

response has failed to find them” is as valid today as when it firrt 
uronounced. Hutt (1958) or Frcdeen (1965) may be consulted fo 
Lamples raugmg from oysters and bees through the whole gamut of 
laboratory and domestic animals, illustrating the ubiqmtj of a genetic 
component in the ability to ivithstand disease. Although Hutt rocog- 
uises that under certain circumstances other methods of checlmg 
disease may bo used, he is probably the leading advocate of selection 
for disease resistance in farm animals At the other extreme, stand tno 
proponents of the view that control of most diseases can bo attained 
much more effectively by environmental rather than by genetic 

moans , . 

Tho case for selection for resistance at the expense of reducing 
selection pressure for other traits is very weak when diseases of 
nutntional origin are considered However, conversely, selection for 
high performance may be, in essence, selection for the correction 
of metabolic errors disguised as susceptibility to nutritional 


deficiencies. 

For infectious diseases, at least in some cases, tho argument is more 
open. Thus, imtil veterinarians are able to prevent or treat such a 
disease as leucosis in foivls more successfully than they can now, some 
selection for resistance may sensibly bo incorporated into breeding 
programmes, even though no breeder has yet fully solved his problems 
m this way. Bacteria and viruses can, no doubt, evolve faster than 
chickens or cattle, and reliance on resistant genotypes to keep live- 
stock free from disease is weak insurance. It appears that much of 
livestock production is now moving tow’ards disease-free environments 
Both gnotobiotic (germ-free) as well as specific-pathogen free herds of 
swmo have already been made available (Troxler, 19G0, see also Pollard s 
1964, article on the use of gnotobiotes in biological research, and 
Luckoy’s 1963 book). Indeed, Ross (1960) has computed that 20 
nulUon head of hogs of this type could bo produced by 1967 in the 
United States. Wliether or not this would be economically sotmd i** 
another matter, but it does seem that before long, disease-free farming 
will be possible technically, at least, for s^vine and for chickens. 
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InterdisoipUnary research on this subject is called for and the 
cooperation of pathologists and immunologists is vital, but there is a 
long tradition of geneticists approaching it on their oto. The line 
oetween geneticists and immunologists is growing very thin, and it 
liardly matters in which section of this chapter tiie matter is brought 
up. But it should be kept in mind that the whole issue of disease 
control by genetic or environmental means is rendered exceedingly 
thorny, not only by its relation to animal improvement but also be- 
cause in it the safeguarding of public health is at stake. 


VII. Biochemical and Immunological Variation 

Biochemical variation in livestock involves at least three related topics: 
(a) intra-specific serological dififerences in red blood cell antin-ons; 
(h) histo-compatibility antigens, (c) serum, albumen and onz\Tnatic 
variants. 

Bor the first of these, there have been recent literature reviews by 
(1958), Briles (19G0), Rendel (1961) and Gilmoitr (1962). In 
addition, a comproUonsive investigation of the rolationsliip of blood 
groups and production traits of dairy cattle has been made by Noimami- 
Soronsen and Robertson (1901). The basic facts which hold for all 
species are: 

1. Polymorphism (existence of genetic variants in a population 
at levels that cannot bo accounted for by recurrent mutation) is 
common. 

2. Inbreeding docs not seem to load to the ox^jccted increase in 
degrees of fixation at many of these loci. 

3. In some instances, non-inbred populations Jiavo more liotoio- 
zjgotes than expected from Hardy*- Weinberg equilibrium fro- 
quoncios 

*1. In spite of these facts, no compelling evidence for a strong 
association hotveou fitness or production cliaracters on the one 
hand, and gonotyTes for blood group antigens on tlio otlior, lias 
been produced either in cattle or in slieep (Stansfiold et al., 1901). 
Cliickons are a possible exception, tiiough in them the situntioi* 
does not Room to bo quite clear (see for iiustanco Morton rt al., 1 905). 

Blie problem, naturally', arises as to uimt the circumstancos are tliat 
j^aintnm this oxtonsivo polyinorplusin, smeo it Bcoms unliKeh' (imt 
dood.groups uJiich have Ruccmlcd in perpetuating tliem.seh*(^ at a 
frequency in a population would pro\o to Im\o \i'ry detrimental 
cirects on any clmractcr for wluch livestock iiad boon htrongly i:eIect<Mi 
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TOrioSsctotivo modiamsms, inirolving either lioterozygoim advantage 
or fluctuating advantage of one or another of the 
ing on ago or on environment (in particular, exposure 
producing agents of various kinds), have h.»n suggested, the field may 
L considered to ho an open one deserving ^ is 

■Whether any of the useful domestic animals, except the > 

Buitahlc for pmsning generalised investigations on tins ^ 

open to doiht. Yet, hoeause of tho iridospread pact eo of blood 
t^ing of cattle for other purposes, attempts ^ 

oMalned irith information on fitness or productmty should certaml} 

'^'’pol^So^hisms at histocompatibility loci raise many important 
hiolojcal problems going much beyond tho bounds of this ’ 

In tho realm of livestock improvement, some stmbos are only m tn 
initial stages as is tho investigation of Sclucrman and h,ordskog ( I 
on the relationship of blood groups to transplantation antigens m 
chickens (now confirmed by Craig and McDormid, 1053). Tho 
this kind of research may be greater than that of other polymorphism^ 
sinoo full understanding of ways of bypassing immune reactions can 


lead to successfiU, organ transplantation 

Hus technique is of great mterest from tho standpoint of 
peutics and rejuvenation, and, oven more so, when spocifically use o 
genetic improvement. Small sections of ovaries from superior dams co ^ 
be transplanted to any number of potential foster mothers after their 
ovn ovaries had been removed or destroyed so that they could so^o 
as incubators This would permit a great number of descendants o a 
single female to bo produced. In chickens, perhaps one thousand to tvo 
thousand offspring of a single lien could he obtained in a short peno 
of time. The recent advances in immunology imply that projects of t^ 
sort are by no means visionary, although many procedural difficulties 
remain to he overcome. 

Polymorphisms have been observed in scrum proteins, egg proteins 
and in various enzymes. Development of the technically simple hu 
powerful methods of electrophoresis has led to a blossoming of studies 
of genetic differences between and within species. The comprehensive 
review by Ogden (1961) on biochemical individuality of larger animals 
mentions a great many polymorphisms in protein composition. Parti- 
cularly numerous are haemoglobin variants in cattle. In some other 
species of domestic animals, different types of haemoglobin 
(adult and foetal) but they are usually present in all animals and. 
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therefore, do not belong to the class of polymorphs. A recent report by 
Slanwell ct al. (1963) suggests that control genes for switching off 
production of early embryonic haemoglobin may not be the same in 
bantams as in the larger breeds of fowl. 

Among other serum proteins, the transferrins show many poly- 
morphisms in cattle, sheep, pigs and goats. A suggestion has been made 
by Ashton, Fallon and Sutherland (1964), that there is a relationship 
between genotype for this serum constituent and some useful traits in 
dairy cows although Batta et al. (1965) were not able to confirm this 
fully. More recently, genetic differences in serum transferrins of chickens 
have also been found by Ogden et al. (19G3). 

In the proteins appearing in milk and eggs, there also seem to be 
distinct polymorphisms. The different types of ^-lactoglobulins of 
cows’ milk are controlled by genes with frequencies varying from breed 
to breed (see Ogden’s review, loc. cit.). In chicken eggs, independent 
studies by I. E. Lush (19G1) and by Feeney et al. (1963), utilising 
starch-gel electrophoresis, indicate that there are genetic variants in the 
lunds of protein constituents a hen secretes in the production of egg 
albumen. Evidence for linl^age of egg protein loci (Buvonendran, 1984), 
as well as of genes controlling casein variants in cows’ milk (Grosclaude 
et ah, 1904, and ICing et al., 1965) has been produced. 

Finally, genetic variability in such enzymes as catalase, esterases 
and phosphatase have been reported in dogs, rabbits, cattle and pigs 
(Ogden, loc. cit.), in mice (Petras, 1903), and in cliickens (Wilcox, Van 
ITeck and Shaffiior, 1962). In cliickens it has also been reported tliat 
there is corresponding variation in egg production. If tliis finding is 
confirmed, selection on the basis of the serum allialino phosphatase of 
yoiuig birds might be useful in attempts to improve egg production. 

In the light of current discoveries in molecular biology confirmuig 
the fact that genes are essentially determinants of protein structure, 
it is not surprising to find so many genetic biochemical markers dis- 
tinguisliing individuals ■\ritlim a species. In human beings, it is knoum 
that certain physical and mental properties are associated ufth bio- 
chomical departures from the normal. Common examples of tliis are 
phenylketonuria, galactosemia, and a groat number of other inborn 
errors of metabolism (Harris, 1959), some of wliich can bo corrected 
'\hon identified carl^’’ in life by providing proper environment. Tiio 
important problem vliich concerns a geneticist dealing with stock 
improvement lies, firstlj', in explaining how variants of this kind come 
to ho maintained in relatively inbred populations (a concern ho shares 
with the student of evolution), and, secondly, in attempting to liamo'ys 
thorn for lii'ostock improvement. 
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Contmriv^nso(NJnouyo,impubli,hoa)tricdmynmtom<>kohomoz^^^^^^^ 

X-ray induced and cj-tologically identifiable translocation (also in 


chickens). 


IX. Euphenics and Gcnctical Engineering 

In the past, it liaa been often debated ivlicthpr nature or nurture, the 
genotjTo or the environment, \ras the more important in shaping lo 
phenotj’pe. Today the argument is no longer a matter of subjective 
opinion, but can bo readily solved in plants and ammals (though not so 
easily in man) by experimental determination of the degree of hont- 
ability. Hence it is possible to make reasonably intelligent guesses as to 
how much improvement is to be expected from changing the average 
genotype of a population by selection (for a theory of selection limits, 
see Robertson, 19G0, and the discussion in Chapter 4). 

It is certain that much more is to bo learned about improvement of 
performance by eban^g the environment. Only relatively recently 
the discovery was made that feeding antibiotics increases groudh rate 
was made. The last word lias probably not been said on such topics 
as vitamins or trace elements, optimal lighting or temperaturo regime^ 
for different animals, and sub-clinical infections; but it is clear that m 
the future, improvement of gcnotj'po and cn\ironmcnt mast go hand 
in hand. A changed genotype may perform better in a changed environ- 
ment, and a changed environment may call for selection to change the 
genotype. 

Beyond these tried and tested methods of increasing food production, 
recent developments in molecular biologj' open vistas of still other 
techniques to make the most of our animal resources. Tlicse are 
Lederberg’s (1904) euphenics, and, what Tatum (1904) calls genetical 
engmeering. 

Euphenics by analogy with eugenics refers to the improvement of 
phenotypes based on defective genetic constitutions. For example, in 
man there is an inherited metabolic error leading to the disease phenyl* 
ketonuria It is cansed by the inability of the liver to produce an enzyme 
needed in the conversion of the amino acid phenylalanine into tyrosine. 
This block causes phenylalanine and pbenylpyruvic acid to accumulate 
in the blood stream and in various tissues including the central nervous 
system. These substances have toxic effects and produce a variety of 
impleasant symptoms, including severe mental retardation. Euphenic 
correction of the disease might be brought about by transforming H^er 
cells by treatment with genetic material (DNA), that includes in- 
structions how to manufacture the missing enz5mie. Transformation of 
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this kind has keen aoliievod in tissue cultiu-e, and it is probably only a 
matter of time before it can bo accomplished in vivo. 

Naturally, tho first application of euphenic measiu-es, except for 
preliminary experiments, would be in man. Indeed, the costs of applying 
this idea to domestic animals may forever remain prohibitive, but the 
possibilities of transformation, grafts, organ traaisplants, and other 
corrective methods should be kept m mind. 

More remote in time, but probably much more applicable to domestic 
animals, is genetioal engineering, that is, artificial manipulation of the 
chemical information wliich determines the phenotypes of the genera- 
tions to be produced. Here there would be only the initial cost: once a 
change is induced, the hvformation will continue to be passed on to 
successive generations through the germ cells. In Tatum’s (1904) 
opinion, there are tlnee impoitant asi)eots of the subject of wliich man 
would need to acquire mastery in order to make genetical engineering 
more than a dream. The first of these is control of mutational processes. 
The second is the development of methods of designing or synthesising 
the genetic determinants, be they similar to the classical concepts of tho 
gene or of some other natiue. The third is the perfection of methods of 
introducing into living systems genetic determinants tailored to order. 

As in Lederberg’a vision of euphenics, Tatum’s concern was primarily 
with human beings. However, before this stage is reached, a similar 
approach to animals will have been accomplished. It may bo debatable 
whether or not centuries or merely decodes will provide enough time 
for biologists to accomplish the feats wliich genetical engineering of this 
precision would require. There may bo some doubting Thomases to 
question whether the goal is attainable at all. Be that as it may, it 
would be foolish to bo dogmatic to the point of denying tho possibility 
of these and even more startling innovations. 

H directed mutations or even beneficial artificial mutations, uliioh 
are not directed, become available to tecliniciaiis in animal brooding, 
a vast array of new genotjpos of livestock will emerge. Similarly, if 
genetic dotorminants can bo manufactiuod synthetically, and then 
introduced into tho germ colls or early zygotes, completely novel 
phenotypes will bo obtahied. Genetical cngiiieoriiig, distant as it may 
scorn, would make much of wliat has boon said in tliis book obsolofo; 
but it would also go a long w ay tow ards solving tho many problems that 
have been discussed. 


X. Interdisciplinary Studies 

Most rc,sc.arch projects roquiro the combined oITorts of various .special- 
ists, and would bo imlikolj- to bo solved soon by spocialist.s in genetics 
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Of less immediate practical interest is the biochemistry of inter- 
specific differences. Hon ever, this subject provides such a radical 
departure from the classical methods of studj^g the genetics ot 
higher organisms that it is one of the most exciting and interestmg 
new fields of evolutionary studies. In the past, genetic investigations 
could bo carried out only on animals which interbreed. It is true that 
attempts at phylogenetic reconstructions have been made on the basis 
of degree of sinularity in morphological, physiological^ or immuno- 
logical traits of different species, but the newer techniques present 
opportunities undreamed of only a few years ago. One stop in this 
development lay in discovering the procedures for identifying amino 
acid sequences in the structure of various proteins (“finger-printing’ )• 
Ingram’s (1963) extensive work on haemoglobins provides a good 
example. Studies on various proteins in different species, including 
comparison of the structures of adrono-corticotrophin, insulin, cyto- 
chrome-c, and many others have already been carried out (for a recent 
study involving lactic dehydrogenase, see Wilson et al., 1904). 

TWs type of information is superimposed on knowledge of the manner 
in nhich the amino acid sequences are doterminod by codons, which 
are the intra-gonic units that instruct the cellular apparatus what 
amino acid is to occupy a given place in a protein chain (see Woose, 
1963, and Lanni, 1964, for reviews of “genetic coding”). As a result, 
it becomes feasible to determine the number of mutational steps which 
have occurred in the course of differentiation of species from a common 
distant ancestor. Essentially this amounts to the study of the genetics 
of non-interbreeding animals. Probable phylogenies of different species 
can bo constructed, and the historical past thereby illuminated. To a 
scientist it feels aesthetically and intellectually satisfying to learn the 
likely steps by ^^hich horse and human haemoglobin diverged in the 
evolutionarj’ past. It is a great achievement to be able to establish ivith 
some certainty the origin of man ixom African rather than Asian 
ancestors. In due time, perhaps full understanding of the relationships 
among domestic or potentially domestic species of animals may help 
in some v ay in food production. From the standpoint of adding know- 
ledge to our insight of evolution, these biochemical discoveries have 
already proved exceedingly valuable. Their use in animal breeding is» 
for the time being, not easy to foresee, but Faraday’s classical riposte, 
wliat use is a new-bom baby?”, comes to mind. To acquire knov ledge 
for knowl^go’s sake is a compulsion for human beings. The problem, 
hovever, in defining the functions of organisations specifically set up 
to study t^mal breeding is to justify u hy they should be charged with 
a given kind of research. More attention to molecular biology should 
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probably be paid in animal breeding mid animal husbandry depart- 
ments It IS clear, hoiyever. that if they were organised on a substantial 
Bcale to do so, they would liaTo to compete for staff and faoihties with 
other units which are devoted to fimdamental research. Peaceful co- 
existence suggests itself, but there may not be enough first-class talent 
0 go aroiuid and this may prove to be the limitmg factor m the ad- 
vancement of basic loiowledge in animal breeding. 


VIII. Cytogenetics 

Attention should be drawn to the recent rekindling of interest in 
mammalian cytology. With the invention of new methods for chromo- 
some study, the discovery of sex chromathi, the identification of the Y- 
ctoomosome as the sex-determining factor in mammals, the accumii- 
3- ion of many instances of defects and diseases produced by chromo- 
some abnormalities, the hypothesis regarding inactivation of one of the 
sex oliromosomes in somatic tissues of female mammals, and with many 
0 er stirring developments, the field of cytology has become oxceed- 
g y active. Not only have clinicians become greatly interested in it, 
11 also students of evolution, who have once more started investi- 
ga ions of the phylogenetic relationships of primates and other lughor 
orgomsms from oliromosomal evidence. So far, activity of tliis sort in 
omestio animals is limited, but the field is one vorthy of fresh attack, 
aspeeially since it is one in which the researcher escapes from tlie 
i^tation of long inter generation intervals on tiie rate of scientific 
advance. The reviens by Chu (1903) and Wcishons (1 903) are re- 
oonunended as an entry to the literature on tliis subject. 

borne excitement m human genetics has been caused by the dis- 
covery of variation in cliromosomo number and its coimection inth 
^anous luunan disordera of mind and body. There can bo little doubt that 
iromosomal aberrations, similar to those found in man, occur in 
^omcstio mammals, and possibly, birds. It scorns to bo a fertile field 
investigation, since experimental breeding in them is 
asiblo, whereas in man it is not. Healthy animals that are liomo- 
re^°tf translocations are conceivable. Should those become a 
^ ’ ^dpyrigbtcd stocks of hybrids produced from crosses of homo- 
tiv 1 standard and the transloc.ated aixangcraonts, rcsjicc- 

tion'h liccome an ox-coedingly important item in stock prodiic- 
succ’ ‘I"®” would bo impossible to breed from thorn. One apparently 
m attempt at mnldng a trniLsIocation homozygous in cliickcns 

taiion^^**' been reported, although unfortunately tius spon- 

us trauslocatioii studied could not bo scon imdor a inicroscojio. 
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vTorkiiig alone. To conclude this chapter, some very hroad cooperative 
efforts bctv'ecn diEFerent disciplines will he referred to, merely as an 
indication of the potential in breeding research opened up by modem 
biology. The opportunities here are so numerous that only a few can 
be mentioned and even these without details. 

The vital problem of the nature of heterosis requires the collaboration 
of enzymologists and geneticists. If it is assumed that proteins and 
especially enzymes are responsible for rates of biological processes and 
their buffering, it seems reasonable to expect that the investigation of 
the major enzymes found in hybrids could throw light on the physiology 
of this obviously important aspect of animal production. 

The field.s of embryology and developmental genetics have not yet 
contributed extcnsivelj’ to the much needed synthesis between them 
and population genetics, at least as far as animal breeding is concerned. 
Yet there are many exciting and challenging ideas in the marketplace 
of these disciplines which show promise of developing. So far, biological 
a-spects of such concepts as redundancy, developmental noise, and 
canalisation (see the section on information theory in Chapter 10), 
arc far from practical animal production. But at least an attempt to 
disrupt canalisation (equivalent to experiments of Dun and Fraser, 1058, 
wliich involved changing the background of a gene to unmask cryptic 
variation) is planned for sheep (S. S. Y. Young, personal communication). 

Physiologj* of growth, physiology of reproduction, and physiology at 
largo also promise an implant contribution to the amelioration of 
animals. Not only is understanding of the elements of many basic 
processes that enter the production of useful foodstuffs and fibre 
deficient, but even at the purely empirical level, little is kno^m about 
the optimum way of handling animals Circadian rhythms have not 
been studied in largo domestic animals. Is cycled en\’ironment a 
necessity for efficient production of meat, eggs, milk or wool? Joint 
studies on the laiger ammals should lead to answers to such questions. 
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improvement of animals is obvious. No matter what has been said 
earlier regarding disease resistance, should speciflo bases for the 
ability of organisms to withstand invasion or damage by pathogens be 
discovered, it is clear that such knowledge could be put to useful ends 
by breeders. 

Psychologists and ethologists could combine ivith geneticists in the 
study of animal behaviour. Indeed, behaviour genetics is becoming an 
exceedingly important field in the eyes of psychologists. Ifrom the 
standpoint of animal breeding, very little exploration has been carried 
out. And yet such questions as the genetic basis of docility, the peck 
order in birds and mammals, the relationsliips between twins, the 
mfluence of social contacts on performance, will have a significant 
bearing on tho level of production that can be obtained by suitable 

management. 

The catalogue of projects of this type could be made interminable. 
But enough examples have been given in tliis chapter to show how 
vast the arena of research yet to be done is. 


8 » 
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itself organisation or farm busmess to succeed by adaptinu 

its or by taking advantage of them, lies in the hands of 

door ““Senient. Although a manager is commonly thought of as a 
The ’n ^ management decision-maldng is lus main function, 

amvw. 1 1 * ™ o^orits now means that nxong decisions can have dis- 
consequences very quickly, and management cannot afford 
tnal and error methods. 

hav statisticians and o-xperts in business adnunistration 

dor;!: “““ mcrcasingly preoccupied with a quantitative approaoli to 
tlion I'’^ot only lughly intricate matliomatic.s, uifonuation 

and 1 slot'stical theory of gains, but pliilosopliy, sociologr- 

AIl A .1? “'so enter into tho complex discipfino wlucli is evolving, 

to lo ammal breeding. Population genetics aims 

out t .1 ■rnri.ation m populations but it docs not sot them 

com ° I . nor, indeed, to the last significant detail. Its very 

con)^ power to accommodalo any rogidar forces 

rolling the sogregat ion or mulliplieation of genes makes it mtsm'lablo 
obst™^'"^ ''‘’'‘“'■'“or of individuals. The samo cUfiicultv 

Prol"!'t*^ *1*°'“’ " "O"''* “PP'y decision theory to the jiractico of law, 

cisl ancient decision-nwking institution. M’lule geneti’ 

generalise, lanyors, and imlgc.s try to deal with specific c.ases in a 
TMifio maimer (Cowan, 1903). 

1“ processes of arriving at decisions flierefoni vary from law to 
inoIsT *" ’' '■o originally gradiinl, mid lately rapiil, niela- 

Uink . of scientists from lieing observers of natimi to Is-ing cl-'ci.ion- 
era on a nat ional scale hn.s created a neetl for las^jvra and politicians 
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instance, those dealing Tvdtli ducks, gccso, rabbits or goats, may 
still contribute substantially to the agricultural economics of some 
under-developed nations, but they liave little place in an in- 
dastrialiscd society. 


II. Profits and Values 


How is the success of a breeding enterprise to be judged? As Churcliman 
(1961) says, the idea of maximising profits in private enterprises is too 
vague. If it is enquired uhen they arc to reach a maximum, the un- 
certainties arise at once. The goal of immediate profits rules out research 
and investment for the future. At the other end of the time range, there 
is horizon planning, that is, planning specifically for the point in the 
future heyond uhich no useful information is available. Tlio concept 
of horizon, houever, in essence begs the question, since creating 
information, and hence defining where the horizon is, must bo part of 
the plan itself. Difficulties would arise for breeding cstablislimcnts in 
both types of planning, especially when dealing with long-lived animals. 
Rapid genetic gains by a competitor who abandons long range goals 
may prove financially fatal to a horizon planner. Yet it is essential to 
carry on long term development and operational research in view of the 
need to raise national productivity', and to cope with changes in markets 
and husbandry. Among these, secular changes in the environment of 
herds and flocks, hitherto inexperienced (hscases, unpredictable climatic 
variation, new developments in food processing and merchandising, 
changes in consumer preferences, and many others come to mind. One 
of the reasons for the integration in agriculture lies in the need for 
maximising controls over the direction in which some of these factors 
move In the poultry industry, for example, the breeding programmes 
as well as production operations with birds laying brown eggs, would 
probably have been cushioned against the economic set-back they 
experienced in California had they been under the control of the 
groups which developed the highly efficient apparatus for candling 
only white eggs 


Most pedigree herd owners in practice fix their horizon near at hand, 
for the good rea^ns that they can neither see ahead very far nor wait 
long fOT profits For larger private enterprises, such as poultry firms or 
artificial m-semmation concerns, the problem of allocating current 
^omces^genetic research and development seems to have no logical 
sdution. Profit and loss accounts say nothing about neglected oppor- 
w! markets, or breedmg better strains, and over- 

head costs cannot be related to any objective measure of efficiency or 
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skill in orgacmsation. A business which does not strike a satisfactory 
compromise in the conflict between long and short term considerations 
^sadvantage in a competitive economy. 

Troublesome as the problem is for a large private concern, it is more 
complex still for a public institution such as the English IMilk Marketing 
^oard. Are the rules for its administration the same as for a private 
bn^ess? How much should it spend on research? Should it follow 
pohcies favoured by its constituents, or government policies? Should it 
encourage or try to destroy competitors? Should it try to make a large 
profit, a small profit, or no profit? Is it expected to help uneconomic 
small scale farmers, and ailing breed societies? What kinds of cattle 
ought it to select and breed for? Are its interests to be limited to daiiy- 
to agricultui-e, to Britain, to Europe, or to the world? Each of these 
questions is political, but each has a scientific undertone. 


III. Information 


^eoision-makers will* have much information on which to base their 
decisions, but they will still be required to exorcise foresight and judg- 
uient. This applies as much to those who are operating pubfic or semi- 
public artificial insemination schemes, as to the managers of poultry 
enterprises. More efficient methods wiU load to a faster rate of chrnigo, 
™t it does not follow that the direction will be permanently correct, 
Wovever, as more information about markets and production becomes 
available, the risk of persisting in wrong policies should in fact bo 
progressively reduced. Yet, since economic and agricultural statistics 
lave an authoritative air about them, it is well to romombor tJint they 
often suffer from tliree defects. They may refer to a relatively distant 
past and therefore bo irrelevant to some degree; whore based on osti- 
jnates or samples, they can bo inaccurate; and, ovmgto varying assump- 
lons and meanings, they can mislead if used for comparisons between 
countries or regions. In rapidly changing circumstances, statistics 
open to any of these criticisms ’'^1 not bo helpful, ivith or without a 
computer. 


Since dccision-makors cannot know of all current and future events 
nat nould influenco thorn, some selection of data has to bo made. It is 
a reasonable guess that, had different solootions been made in the past, 
ccisions would also Jiavo been Afferent, Pacts available are often 
nose vluch have been collected for some other purim-Jo, and subjt'ct to 
'anoiLs biases that may have been irrolovant to tJio original pnrjws^'s. 
I, instead of being based on lactation milk ^dehLs Iwcausi* (Ij^re is nn 
apparatus for collecting tlicm, dairy bull selection had I>cen ha'^x! on 
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to -understand not only how they arrive at decisions thomselv'cs but 
also ho-tt’ scientists arrive at thorn. It is up to scientists to study and 
understand the workings of their own minds and to make them clear 
to others. 

In a political democracy, it is impracticable for everyone to take 
part in decision-making except on the largest and most general issues. 
\\liere governmental decisions arc needed in tcclinical matters, they 
are made by a few people who are supposed to bo armed with all the 
relevant information and the ability to use it properly to come to 
decisions. As far as animal breeding is concerned, and it is a largo 
industry, tlus “intelligent lajman” technique manifestly docs not 
work. 

In this field it sometimes liappcns that the decision-maker somehow 
decides what he wants and then supposes it is the duty of tho scientist 
to tell him how to get it. A significant part of management, however, 
consists in trying to find out what results are wanted, and tho scientist 
is thus put in tho position of having to suggest what dccision-s ought to 
be taken. This leaves the dccision-makcr with tho task of dealing vith 
incomplete data and of taking tho risks. Furthermore many dooision.s 
arrived at on the basis of scientific counsel given in one situation may 
have entirely unforeseen consequences when implemented in a changed 
situation of which tho advisors are not apprised. 

In animal breeding it is now impossible for those unfamiliar with 
genetic science to criticise its assertions after only brief consideration, 
no matter how penetratmgly intelligent they may be. If advantage is 
to be taken of genetics, some reliance mnst be placed in its principles 
and chief exponents. Churchman (1961), in a different connection, puts 
the matter as follows: “The true ‘facts’ are the assertions accepted by a 
few whom our society trusts. As a culture ve tend to trust our phj'sical 
scientists, and tend not to trust our social scientists. We trust no one 
if "we can see the direct relevance of his assertions to changes in our 
national pohey and our personal lives.” Although the difference between 
the poHcy-maker, the administrator, and the scientist may weU 
disappear m a future blessed -with an accepted science of values, the 
present seems to be characterised by distrust. 


I. Types of Enterprise 

Thepo B Uttle doubt that what the future promises is integration not 
dufriw'™ ™nial hreeding but embracing food production and 
distribution. The paths by wMoh the OTontual structure of agrionltnre 
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is reached are xmcortam but at least four levels of integration may be 
visualised: 

1. The breeding, manufaoture and distribution of the products 
of a single species. 

2. Breeding operations involving different species but inde- 
pendent of production and distribution. 

3. International co-ordiuarion with a single company or an 
mter-locking organisation controlling the breeding of a given 
species in different countries. 

4. Complete integration of all processes of animal food pro- 
duction from breeder to retailer covering all species, and inter- 
nationally organised. 

The highest level depends on political and economic relationships 
among nations and is unlikely to develop in the immediate future. 
JJleanwhile, although no complete monopohes have developed within 
the other three stages, a trend towards them may be discerned and it 
^3 naturally increased the amph'tude of decision-maldng in animal 
breeding. 

Decisions by governments regarding prices or subsidies for agri- 
cultural products, or research, or marketing and development boards, 
can change the fortunes of breeds very suddenly. Then there are 
fl-ctions leading to the growth of business empires with incidental 
effects on breeding and breeders. At the other extreme are the decisions 
by some individual breeders to do notliing to adapt themselves to 
changed circumstances and so to acquiesce by default in the changes 
^bich will make them redimdant as breeders, 

Vioued from the standpoint of control and decision-making, there 
^re four categories of enterprises in animal breeding. 

1. Completely nationalised industries like those in conunmiist 

countries. 

2. Quasi-govemmcntal organisations depending on cconoinisls, 
scientists and technicians for management on behalf of farmers or 
farmer co-operatives. The lllilk ilfarkoting Board of ICngland and 

ales is an example. 

3. Individuals or corporations ompIo\'ing professional manager? 
to operate the biLsincss for profit. American Bree<lers Service, 
Cimis Candy Companj*, and Ivimbcr Farms in the United State*?, 

the Boss grorq) in Britain are cases in pouit. 

4. Unorganised small scale private enterprises. As a clas.** tlii*? 
catogorj' Ims rather poor prospects in indiLstrialiscd coimtrics, 
except in minor types of food production not orf hu hilo nor vn.<*y 
to OTgani*?© (such as boo-kceping). Many such midertakuigs, for 
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body -weight, cow populations might now havo been different and jxjr- 
haps superior. If breed societies liad fully recognised the value of 
artificial breeding as an aid to progeny testing, they miglit havo tried 
harder to exploit it from tho beginning. Once decisions havo been taken 
and effects produced, there can bo no return to tho origuial position. 
They can bo reversed but tho now decisions now apply to a changed 
population of animals and farmers in new circumstances. 

Data cost money and thero must inevitably bo a tendency to make 
do with tho cheapest or dispenso with them altogether. What inform- 
ation to collect and how much of it aro two of tho first questions to 
be answered by operational research. Even wlion tho answers aro 
available, however, their valuo is short-lived. To bo influential, there- 
fore, statistics and performance records of all kinds must be available 
when the moment for making decisions is at hand. Speed must bo allied 
ivith accuracy and relevance. 

Animal breeding can never bo tho same as it was before tho computer. 
Data handling that -w-ould require an inconvenient army of clerks is 
now necessary in the poultry and dairy cattle organisations, and %vill bo 
necessary for tho pig and sheep organisations of tho future. In any 
conflict of vie-ws, information is a powerful weapon and it is in tho 
hands that control tho computer. 

Information is not just a question of market intelligence or prompt 
reports of progeny tests It mcludes a constant -weighing of alternative 
products and procedures and an awareness of tho results of research. 
CJommumcation, however, oven among scientists now verges on anarchy 
(Ckiblans in Goldsmith and JIacKay, 1964), and for others interested 
in research findings, tho position is worse. At its best, it lias been likened 
to -wmd-polUnation. In some ways, the process of making known tho 
results of research appears extravagant and -w astoful, as is tho process 
of getting the results m tho first place Many workers and papers of no 
great sigmficance have to be accepted in order to make s-ure of obtaining 
the few that are important. Van Vleck and Henderson (1965), who 
mcidcntally provide an admirable discussion of the use of statistics 
in reports of experiments related to animal production, think that 
negative results should bo even more rvidely publicized to help in the 
planning of research 

l^blication in a scientific journal serves three purposes: those of tho 
author, the reader of current issues, and the future inquirer for recorded 
facts and hypotheses. Although these conflicting interests havo not 
yet been reconciled, the spate of literature is forcing some changes. 

1 considers that it is gradually bnnging nearer to 

realisation proposals made from tune to time that short pithy resumes 
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^stributed, while long papers with data bo centrally stored 

Som '"'^1° need detail, 

if the ^ ^^Paration will have to bo achieved for decision -niakors 
themn^'^^ ^ expose themselves to new ideas and put 

its ^ action. Meantime, the gulf between research and 

^0 Hot iri 1 °^ fo widen for those managements wdiioh cannot or 
wimal so ™ touch with research. Tliis has happened wdth 

fte emnir,''* ®’^*^apf where enterprises are largo enough to support 

™®at of geneticists. 
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the desired ones or on tlio plienotypcs of related animals. Noise, in tliis 
instance, is produced hy environmental effects •uliich tend to obscure 
the real genotype of the animals. Tlicro is an important relationsliip 
betTveen those concepts. To quote King: “Just as the ratio of amount of 
information in a message to the minimum necessary to express it 
determines the rodimdancy, the ratio betneen the amount of inform- 
ation sent and the amount received determines the ‘equivocation’, the 
amoimt lost becaiLse of noise. Tlioreforo, for a given message transmitted 
over a given channel, •whenever redundancy is greater tlian the equi- 
vocation, the probability •will be high that the message receiv'cd •will bo 
accurate.” 

Now, to provide the necessary amount of redundancy and to mim* 
mise noise, costs time, labour and, of course, money. The numbers of 
measurements on individuals and on their relatives that could bo made 
is, naturally, unlimited. The question is v hich measurements permit the 
most accurate evaluation of the genotyxies when the costs of increases 
in accuracy of the message relative to the amount of extra gains ob- 
tained are taken into account. 

ThiLS the application of information theory to selection would re- 
quire, among other things, the dotenmnation of the most economical 
levels of excess of rcdvmdancy over cqmvocation. Tliis is equally true 
of the methods of the old-fashioned breeders, whoso evaluation of 
economic merit may have been based on the examination of indi^viduals 
for pedigree, or for breed, or on individual typo pomts, or on typo as an 
unquantified entity, and of the elaborate selection indexes •which call 
for measurement of a great number of traits 

In the first case, instead of redundancy, it may be noise which is 
being added by extra measurements or impressions which the breeder 
•uses in selection In the second, the required redundancy may he too 
costly for the degree of accuracy which can be obtained, especially if an 
mdex, despite its comprehensiveness, fails to lead to genetic improve- 
ment m a population. Conversely it is also possible that the genetic 
theory of selection indexes may in fact produce low equivocation but 
may be failing to keep redundancy at the optimal level 

There is no doubt that not only selection but many other points 
mvolved m the organisation, theory and practice of animal improve- 
ment could also benefit from drawing on information theory. It may 
bo hoped that it is only a matter of time, and not a long time, before 
extensive ■uso of the considerable arsenal of techniques available to the 
experts in this subject will be introduced mto animal breeding. 
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V. Cybernetics 

^bemetics, or the science of communication and control, has in 
ecent years begun to pervade biology. At the molecular level, modem 
eones of gene action are based on the existence of intra-oelhdar self- 
(Jacob and Monod, 1961). The development of 
(W °'^ganisms has similarly been treated m cybernetic terms 

it And on the population level, organic evolution 

se as been viewed as a feedback process between genotype and 
between phenotype and environment (Sohmalliauson, 
11 ’ ^ comprehensive review of the subject, Ashby (1956), as 

*L Wiener’s original work (1948), shoidd be consulted, 

th ^ applicable to domestic populations of animals and the 

wh of the contents of their gene pools by man. Essentially, 

^ e her breeders realise it or not, feedback processes of various Idnds 
e been continually dominating their operations. For example, when 
eotion for hicreased fat in pigs was so successful as to make lard a 
. ® market (there were, of course, other reasons than successful 
tbo feedback to the breeder led liim to reverse the goals of 
oction in the direction of leanness 
More automatic process of tliis typo can oooiu' when selection for 
Mo trait carries in its wake reduction in fitness and thus puts a 
10 on further gains in the desired character (sec section on correlated 
sponsos, in Cliapter 4). Thus, selection for size and conformation of 
_ioys was accomnanied liv lo.as of fertilitv. 
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Effective breeding programmes depend on feeding genetic and 
economic parameters into calculating machines or computers in or er 
to ■work out selection indexes or other selection criteria. But (as no e 
in Chapter 4) every time that th^e is response to selection, the values 
of these parameters change. Be-evaluation has then to he undcrta 'en 
at frequent intervals. In time, no doubt, a fully automated circuity 
make such adjustments vithout specific instructions at each step. It is 
interesting to speculate vhether or not the lag betvreen selection an 
marketing of a product, which in large animals must occupy a consider- 
able period of time, will prevmit such automatic procedures from 
becoming useful. 

A single breeding establishment responsible for propagating not one 
but many species of animals may be common in the future. Cybernetic 
connections between all of the breeding programmes under the control 
of such an establishment will have to he made. And here it is perhaps 
the economic parameters that would play a more important role than 
the biological ones A breeder who has a virtual monopoly of tho 
improvement of both turkey and chicken broilers may find that ho ^ 
competmg with himself. He may therefore have to sl^ the emphasis 
in his selection programmes so as to make an economic differentiation 
between the two species under his control. 

It may bo a long time before economic planning of livestock pro- 
duction on a nation-wide basis is introduced m free enterprise countries 
Indeed, it appears that even in socialist states decentralisation of 
planning is being tried. Nevertheless, einco such questions as the number 
of cattle or the number of broilers or turkeys that would meet the fore- 
seeable demands will need to be answered, linear programming for 
arriving at an optimum structure of the breedmg industry will have to 
bo introduced, if only as a guide-line for private entrepreneurs. The 
computing services for working out maximum profit plans for individual 
fanners, which are already available, would merely have to be expanded 
on, first a regional, later national, and perhaps eventually, world-wide 
basis The complications of horizon-planning would be greatly magnified 
hut there is nothing intrinsically improbable about this kind of 
future. 

As with many other topics considered in this book, only a passing 
reference, to cybernetics can be made. It takes, howeverj hut little 
imagination to extend the ideas both to broader areas and to more 
specific points than has been done here. There is little doubt that 
^bemctic theory, like information theory, is destined to play an 
increasingly important role, not only in research, but also in commercial 
production based on animal breeding. 
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VI. Decision Theory 


Mathematical and statistical tools for evaluating courses of action are 
now being brought together under the label of decision theory. It is 
really not a single theory but a collection of techniques for weighting 
niuuerous factors in a logical and systematic fashion. Where all the 
factors are known and predictable, decisions are made with certainty. 
Other methods, such as linear programming, cope with cases whore 
there are chances that can be accurately measmed or calculated or 
v’here there are only uncertainties. These are merely aids for there is no 
way to be sure of coming to the right decision. Such questions as the 
mghest safe stocking rate, the best breed or cross to use, and the 
best ratio of crops to stock, are not capable of exact answers for any 
one farmer, nor for all farmers. Assumed biological constraints of 
density-dependent character are out of date for the most part. ITurther- 
more, economic conditions change, and farmers vary in skill, energy 
ftnd resources. The newer aids to decison-making are intended to be an 
advance on intuition and rule of thumb but carry no guarantee of 

correctness. 


According to Alfandary-Alexonder (1965), who has discussed this 
subject in general terms, one of the most useful services a decision- 
theorist can perform is to list alternative courses of action and spoil out 
the consequences associated with each. He might also encourage 
probminary trials or samplings so that as in classical statistical thooiy, 
P^^^^ilitics based on experience can bo used. 

fho choice of one or other of the various criteria is a matter of 
temperament: pessimists favour one kind and optimists another. AVliat 
the decision maker may do after ho lias made his decision to prejudice 
the chances of liis being right is, doubtless, also a personal trait. 

flocision-makors vho are bad losers can attempt to mhumiso the 
J'cgrot c.xpcrienced after results are kJl0^m Tlio amomit of regret v ould 
bo moasiu-od by the difference between the actual results and irliat 
bught liavo been had the future been accurately foreseen. To minimise 
they should choose that course of action v luch lias the minimum 
Ml the maximum regrets. Tlus criterion is called minimax regret. For 
oxccutivos xvith more sanguino temperaments, tlioro are other wnya of 
^Pproaolunc decisions. 
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are now looking for more effective ways to integrate expert judgment 
and mathematics. They want to take fiill advantage of the compre- 
hensiveness of the human mind to augment the analysis. Something 
might then bo done to encourage probing or sampling the environment 
in order to get better estimates of the conditions likely to prevail. 
Itlanagers or decision-makers, in whatever occupation, will from now 
on neglect to apply analytical methods to their operations only at their 
own risk. Tor the foreseeable future, however, they have no reason to 
fear that they will be completely replaced by machines producing 
decisions untouched by human brains. 

Those responsible for livestock breeding enterprises will find a 
relevant process in the ramifications of the screening by which superior 
animals are found and multiphed. Given a predetermined outlay on 
facilities and resources for testing (an assumption which by passes a 
major problem), the disposal of these resources in the most effective 
way makes a complex study. Robertson (1957) and Skjervold and 
Langholz (1964a) among others, have made important contributions to 
the specific problem of testing artificial insemination sires, King (1955) 
to the use of pig testing stations, and Young (1061) and others, to the 
general theory. These are examples from the greater field that includes 
the search for now varieties of plants, drugs, antibiotics and herbicides. 
Tedcrer (1063) has briefly re\iened the subject and lists over 500 
references The fundamental question in this whole area is one that 
artificial insemination sire testers arc veil acquainted with: at what 
point in the progression of testing, terminating the test, and starting 
a now test will the expected gain be at a maximum? Finney (1958) 
opened up the subject of the rclationsliip between the resources 
allocated to tho screening proccs-s and the importance to the national 
economy of the impro\cment8 thereby obtained. If today tliere is any 
correlation here, it might v ell bo coincidental. To discover how decisions 
about resources came to bo made vould require much research- It is 
^•i^tually certam, hovever, that they were not based on a careful 
calculation of expected benefits. Yet there must bo atheoretical optimum 
amount of effort distributed in an optimum way among tho several 
stages of selection It mil dejicnd in part upon tho relative importance 
of tho animal, and in part on tho cost in time and monov of each ex- 
tension of the tcrtingprogrammc For tho larger livestock, a clarification 
of tius tojiic is called for, but meantime it is north remembering tliat 
any schemo for the selection, testmg and approval of now varieties 
which proceeds too cautiously, can bo a IiamUcap if tho breeding 
pTogrammo on wluch it is based is to be effective. 
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VII. Farmers as Decision-makers 

Famiers as a class include some who are able to manage large enter- 
prises. At this stage of history, a sifting is taking place. A few will 
succeed in organising big units. They are unlikely to be those who are 
constitutionally incapable of appreciating the opportunity science 
creates or of providing attractive work for the technologists who could 
serve them. The class known as scientists also contain a proportion 
temperamentally able to harness sldll and energy in the building up of 
large production and marketing organisations. Farmers’ unions and 
co-operatives are wise to recognise that the ability which makes a 
good research worker depends in part on brains and resourcefulness in 
the face of variations and obstacles, qualities that have their value in 
other occupations. 

In all the recent history of animal breeding, covering a period of 
flux in methods and objectives, it is not easy to think of any example, 
^ any country, of organised pedigree breeding in the forefront of 
developments now obvious to all. This was to be anticipated since all 
evolution proceeds at a variable pace. Advances lead to periods of 
Wmparative stability while forces are marshalled for further progress, 
iiureaucracies, whether of breed associations, research administration 
^ government, are the marks and the symbols of those temporary 
finds. Reformers have to remember that the rapid rate of change now 
^eans that a new and apparently forward looking institution crni 
become before anyone realises it, a fortress of reaction. To concentrate 
fi'^clusive power over some important phase of animal breeding in a 
fiuiglo institution, such as a government department, a centralised 
pedigree registry, or a national artificial insemination service, could bo 
un error of judgment. 

There have, however, been agriculturalists who wore outstanding in 
history of plant and animal production and the present is no 
fi'^coption. All research institutes are familiar with the practical man 
■''ho follows closely on the heels of research workers and is sometimes 
^head of them in applying their ideas. Such men are Icnoum to bo in- 
fiuential in guiding tho thoughts and actions of follow farmers, and it 
"ould probably bo advisable to encourage thorn by makmg tocluucal 
^*^istanco more readily available. 
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and Ocser (1904) have made an interesting study of the vray in which 
Australian farmers develop their conceptual range. They holiove that 
the adoption hy a farmer of a new practice ho has heard of dopen^ on 
(a) understanding, (b) accepting its relevance, and (c) deciding 
whether or not to adopt it. Among Australian farmers, the attitude to 
knowledge was different from that of town dwellers. Thinking, reading 
and planning were not thought of by farmers as work. Knowledge 
achieved hy practical cxporicnco or personal communication was 
valued more than hook-learning or ideas tested remotely by others. The 
investigation showed further that readiness to read about and absorb 
new scientific ideas, and to adopt new practices was positively cor- 
related with skill in coordinating and planning, suitable environmental 
opportunities, and an unbiased outlook on information, ^\^lcrc a topic 
is ill-defined (such as “sdcnco”, or “improvement”, without specific 
definition) individual judgments tend to bo vague and much subject to 
the influence of those with prestige. Consequently, it is natural that a 
traditionalist group of leaders in a farming community will encourage 
the rejection of a new idea because they are anchored to their tradi- 
tional views. Progressives, on the contrary, tend to bo wedded to the 
mobile concept of progressive farming. Although not exactly a surprise, 
this finding has its interest in the present context. \Vlien the adaptability 
of breed associations, the likelihood of new breeding organisations, and 
the performance of producer co-operatives is being assessed, the be- 
haviour patterns of elected representatives of farmers and breeders are 
very pertment. 

Fanning is an occupation pursued by men of great variety of ago, 
temperament and circumstance. They cannot be characterised in a 
word; yet to them decision-taking is an almost hourly occurrence. To 
a particular challenge, farmers will react at different speeds and in 
different ways An interesting survey has been made in New Zealand 
of the reasons why faimera not adopt herd testing and artifirial 
insemination (Table 10.1). There, artificial insemination, after a late 
and slow start taking about four years, experienced a rapid expansion 
for nine years, at the end of which time rather more thaTi one-third of 
aU cows were artificially insemmated During the last three years, the 
rate of growth has become much slower. Herd testing has a compara- 
tively long hist^ of over forty years and covers about one-quarter of 
all cows. In New Zealand, as elsewhere, the value of herd-testing 
depends heavily on the attitudes of mind of farmers who test and on 
their wilh^eas to apply the lessons learned from the figures. Artificial 
^m^tion IS similarly affected, although in New Zealand the evidence 
that it can raise yields is clearer than in most other countries (see 
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Table 6 2} On the basis of the rather small samples obtained from one 
area, it -nould not be -wise to place much trust m the details of Table 
0 1, but they "will serve well as illustrations 


TABLE 10 1 

for not using dairy Jierd testing and artificial inseviinahon giien by 
Zealand dairy farmers (from Neir Zealand Dairy Production and 
Marketing Board, 1964) 


Reason. 


^ot interested in increasing butter 
^ot rearing replacements 
"0 scop© for cullmg 
Testing a nuisance 
1 stock or C R nob good enough 
to select own bulls 
Expense 
Apathetic 
Sundry 

dumber of farmers sur\e>ed 


In% 

Herd Artificial 
testmg msemmation 


production 12 14 

b S 

12 — 

1C — 

>- 10 

— 28 

34 22 

6 7 

15 n 

215 140 


^ a eoimtry winch encourages its agnculturo, uJuch shoved an 
uicreaso in a\ erage herd size (m herds over ten cows) from fiftj tlirco 
° ^®^onty cows m the last ten j ears, and wluch lias mcrcascd butterfat 
pi'oduction per cov bj about 20 Ib a jear m the same ponod, it is 
significant that such a lugh proportion of farmers remam imimprossod 
> the tv 0 mam improvement techniques In Holland and the Scandm- 
countries the proportion is much smaller, but m Bntam and tho 
^ted States it is about tho same as in Nov Zealand 
tt IS instructive to compare tlicso Nov Zealand ohson ations vith tho 
Aal^sis rioronco (1904) gives of tho motitos ho flunks might jirompt 

0 ovTior of a business or lus salaried manager to decide for or agaiiLst 

the husmess (Table 10 2) Mixed though tlio\ ma\ bo, Ihoj 
sufiiciontly diverse to guarantee tliat opportimitics vill not bo 
p^ispcd vith equal feraour bj o>cr\ono Wliat the owners of pedigree 
lord., \ii[\ (Jq faced with tho option of oxiiondmg operations, 

1 merging thomsohes in co operatives, or becoming agents of largo 

uiii var^ in a manner hinto<l at bj Tables 10 I and 10 2 WJmt 
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the executives of establislinicnt‘>tliat arc already largo uill do to cvp^oi’t 
further opportunities 'uill hhouiso vary. At one extreme may be tlioso 
who are young and energetic enough to fliink on an international scale; 
at the other extreme are tho«o who will be happy just to retain their 
posts 


TABLE 10^ 


ilolncsfor and against txjianding tht eiz^ of bwiinciuf (adaptwl from norcncc, 

19 & 4 ) 


STotito 

Entropreneiir 
for against 

Salaried 

for 

manager 

ogamst 

Cash 

Creak r 
profits 

Economic 
Profit not 
greater 

Bigger job 

Xo personal 
gam 

Beal cost 


Cannot bo 
bothered 

Ta\ burden 


Erpaasion 
might fat! 

Potser 

Empiro 

buildmg 

Pstf'/iotcgical 

Dopcndcnco Power seeking 

on outpido 

funds 

Fear of others’ 
power 

Hobbj 

Lo\o of 
work 

Pro-occupied 
wnth other 
work 

Love of work 



Socxological 

Prestigo Prefemico Prestige of Proftssional 

for amateur belonging to lojaltj 
the business 


A logical 


Own money 
to play with 


Xo mitiatn' 
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^thin wHch animal breeding 'will have to -work. 'New institutions of 
hen* designing are groudng out of the ruins of the old. The pace is set 
y those -u’ho, fascinated by groudh, are determined to make a profit 
"will serve no other cause. Such men are to bo foimd in the poultry 
^ artificial insemination industries, h’ew of them liave arisen tlrrough 
arming organisations, for the qualities thcj’’ display are not the same as 
^e required for democratic leadership in farming or politics. 

•^e prehistoric distinction between nomadic herdsman and settled 
s^culturalist can still be traced in the behaviour patterns of the 
ocJnuan and the grower of crops when confronted with cliange. Animals 
an extension of self for the stockman in a way impossible for loss 
ertly responsive plants. But the smviving traces are disappearing, 
as the arts of animal husbandry'' give way to the tccimiques of mass 
production. The livestock breeders who aim to seem’e for themselves a 
are m the ownership and management of large breeding enterprises 
have to adapt themselves accordingl3'’. They caimot remain livo- 
s ock breeders in the usual sense of tliis piiraso. 


Vni. Scientists as Decision-makers 

cannot escape decision-making: they decide on problems to 
™dy, experimental design, data to collect, and interpretations to 
accept. Since every true decision, as distinct from an inference, involves 
an element of choice, the constraint imposed by logic and mathematics 
es out, according to Cowan (19G3), the study of creative decisions, 
spite of the fact, however, that the sources of creative impulses such 
ns desire for Imowledgo, inspiration and faith are but poorly imclorstoocl, 
nir practical consequences arc evident enough. 

Although formerly pursued largely as a cultural activitj’’ ^^'ith the aim 
0 revealing and contemplating the truth, science has bocomo for the 
pnrt an unabashed striving for master^' over natmxi. Tiio great 
n fico of knowledge has been built mainly to prosecute war, defeat 
^^soase, prolong life, and produce more of life’s nccossitios and amenities. 


coimso of events, scientists maj’’ have become porsonnlh’ involved 


(nuicli as Professor Higgins in Sliaw’s ** Pj^gmalion ”). TI103' will now 
0 to loam to carr^' ovor-increasing rasponsibilit^' for their docision-s, 
those wlio particiiiatod in the creation of the atomic bombs hocanio 

f^llyavaro. 

Scientists must bo judged loss by their intellectual or plu'sicnl 
^^'lipmeiit than b^* the cffoclivonoss of their actions in discovering or 
*^rpb*ing Ioio\\lDdgo (Cox, 1901). There are no pro-ordained vajn of 
*^aking discoveries. If, in the same sense, docision-mnkers heading a 
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breeding enterprise are to bo judged by results, tlicro must bo some 
aclalo^vledged aims. But, to bo sure of progress, tho raetliods must bo 
chosen imaginatively and applied skilfully as in successful art. 

Yet, organised science in tlio shape of scientific societies and research 
coimcils has not been notable for enterpriso (Welsh, 1905). It has, in 
fact, turned out to be tho function of politicians, a fow controllers of 
fimi and industrial boards, and occasional farmers to havo tho courage 
of their scientists’ convictions. As a class, scientists arc not power- 
seekers like politicians, notwithstanding some woll-kno-vvn empire- 
builders among them. Nevertheless, science and toclmology, being 
both a means and an end of public policy, involve all scientists in 
ambivalent situations. Not unnaturally, some leave themselves oiicn 
to tho suspicion that they are more interested in pursuing a policy for 
the benefit of science than a scientific policy for tho benefit of 
society. 

The stereotype picture of a scientist is of a man driven by curiosity, 
whose equipment is intelligence, integrity, observation, tliinking and 
creativity. Very few havo this equipment developed to a liigh degree, 
^lost could lay claim, like other hmnan beings, to some degree of 
ignorance, bias, poor judgment, vanity and snobbery. Few scientists 
are non-conforming, original thinkers. Tho outstanding fact about the 
motivation of scientists according to Price (1005) is tho liiglily competi- 
tive quality of their emploj-mcnt so that they mnst have rather special 
inducements to enter it in tho first place and oven more special ones to 
succeed in it. As lie secs it, tho 7% annual increase in their niunbers 
comes through a “birth” rate of some 17% and a “death” rate of 10%— 
rather like a human population in primitive stages of development. 

Policy making, even when it concerns science, has its own problems 
and techniques, of which neither scientists nor economists, as groups, 
can presume to possess special or exclusive understanding (ilesthenc, 
1964). Exceptional individuals, whatever their technical labels, may 
have personal gifts, which enable them to exert moral responsibilities, 
and to deal with human beings of irrational faith, tradition and pre- 
judice. The pursuit of science docs not confer these gifts on all teachers 
or research workers. Koverthcless when policy-makers have to grapplo 
vith problems and arrive at balanced judgments, they disqualify 
theiMelves if they do not insist on the participation in tho act of policy- 
making of those vho are specially trained in distilling the essence of 
technical matters, and who understand the implications of scientific 
knois ledge and new discoveries. For this purpose, it is not enough that 
an administrator should have taken a degree forty j'ears ago, and it i^ 
not enough that he should supplement this by occasional acceptable 
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adnco from “exports” on advisory committees, ivilling to give off-the- 
cnlt answers to complex and important qnestions. He needs to 
mcoiporate outstanding and active scientists in the apparatus of 
ecision-maldng and insist that their share of executive responsibility is 
, Pubholy understood. 

This is of great importance in problems of research financing. Thus, 
0 maclunery of allocation of public funds for research purposes hy 
tee agencies as the National Seionco Fmmdation and the T7.S. Public 
ea th Service is based on decisions made on the advice of panels of 
Praotismg scientists by administrators, who as a rule are no longer 
scientific profession. In spite of the increasing budgets 
a these agencies have, competition for funds is becoming progress- 
6 y more severe. For instance, in one unpublished example, while the 
funds rose 70% in a recent period of three yearn, the requests 
cr subvention received during the same time more than doubled, 
mce, as may be seen from Table 8.2, American colleges and uni- 
Fed'*'T their research and development cests on 

oral government agencies, it is clear that scientific administrative 
*sions may come perilously close to determining the course and scope 
no science to come. There is no evidence, so for that programme 
bhe fimd-granting agencies have become dictators, but tho 
P ^ibility is inlioront in the situation. 


Few 

^utoerai 

scientinc' 


scientists have declared themselves in favour of a sciontifio 
and many are especially wary of what is called "informed 


opinion.” Tliis does not mean that administrators of entirely 
-scientific origins and attitudes would bo any more acceptable. 
. oticists have reason to regret the time lag in tho application of their 
li ®^'ised by decision-makers in tho livestock industry who, in tho 
subsequent events, seem to liavo over-valued their oim im- 
^^tored opinions. 

IS characteristic of recent years throughout much of tho world, 


that 
'Manifested 


^ concern about participation of scientists in national policies is 
' ’ in all levels of society (Gilpin and Wright, 1904). Tho aso of 


advisors to ministries and departments is not at all now. 
8oni ^*1 States, tho National Academy of Soiencos was foimdcd 

nie t ^^'';Mdred years ago by President Lincoln to provide the govom- 
^ ^''ith sciontifio adduce. In tho field of agriculture and animal 
nrrQ go^'ornment-supported fact-findhig and fact-dissominntion 
^ iicios aro also of long standing in tho shape of oxi>orimont statioiLs, 
^'^arcU institutes, ovtonsion and advisory sorricas. But sciontifio 
on tl^ ^ hoon nearly' alwa^-s on tho loclmical level. Tho scientists, 
10 Olio Imnd, presented their finding for action to govemmont 
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offices, and, on tho other, distributed tcclmical information to farmers 
and breeders. TIio notion, how over, tlmt scientists sliould sit in tlic hmor 
councils of a nation and participate in decision making and policy 
formulation is much moro recent. At tho moment, it scorns that tho 
extent of tliis practice depends largely on tho political ideas and 
personalities of lugh elected officials. It is, however, clear that tho 
existence of liigh level adrisory committees and coimcils carries no 
guarantee that proper study will bo made of major problems such as 
priorities for research oxx>cndituro, or that tho scientists who advise 
will bear any burden of responsibility for implementing docisioms. 

There are undoubtedly many scientists who are anxious to contribute 
their knowledge and wisdom to decision-making. But it must ho recog- 
nised that natural scientists arc sometimes lacking in social tradition, 
in comprehension of political constraints, and in mulcrstantUng of tlio 
economic facts of life. ^lany of them arc ill-equipped for a role in Iiigh- 
lovcl decision making and allocation of priorities owing to pride in their 
sciontific morality and a distaste for compromises. Tlio accommodation 
of politics and tho restrictions on openness of thought and word 
nccessarj' in Big Science in indiLstry and government (especially, in 
military developments) arc foreign to them. Novortholcsss, there are 
those who rise superior to these handicaps. It seems that, ovcntuallyp 
a now breed of administrator combining tho multifarious talents 
required in this position will be needed. Just as tho ancient Clunoso 
scholar-bureaucrat, tho mediaeval viziers and agents, and tho Victorian 
literary dilettanti have served their turn, so, perhaps, in tho future, a 
class of modem technocrats adapted to recent changes in scicnco-hascd 
industries w ill arise. Whether such a breed can be made to order, as tho 
Shorthorn breed of cattle has been, remains to bo seen. Tho problems of 
shortage of scientific manpower so far as experimenters and teachers 
arc concerned is probably less acute, even in tho face of tho tremendous 
increaso in these activities, than that of accomplished and dependable 
decision-makers. 

Readers may have some reservations about tho scientific bureaucrat 
as a decision-maker, and may express some apprehension about the 
extension of Parkinson’s Law to science. Nonetheless in tlio area of 
animal breeding, rational and scientifically based decision-making on a 
national and mtemational scale is going to be called for very soon, 
indeed, it may become a rather critical issue as to where and w'hat kind 
of mprovement of Uvestock should be carried out by whom. It is not 
suihci^t to rely on economists, amply because the biological facts are 
so mtimately connected -svith the deciaons to be made. A fuller under- 
stanumg of the mechauics of animal breeding rather than simple 
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advice would certainly be needed by managers 
re^onsible for plans to be put into effect. 

case for harnessing genetics more effectively to 
jj , ' production would be weakened by claiming more than could 

abmt ^^ore is much more to be learned about genetics and 

nf o “**®raotions with other forces. As an example, the question 
ontrol of breeding policy will serve well. 

° matter what the respective merits of breeding procediu-es re- 
be tb geneticists or developed and practised by breeders may 

annp ** '''®®’™*P*mn that any one system or method is the only right one 
ope^K* ^ dangerous to accept. Granted, that if in evaluating the 
one™ merits of competing systems of organisation and breeding, 
bp appear to be superior, it does not follow that it would 

se to eliminate all other systems. 

^ e amount of information on which any decision can be based is 
Acc ° provide an answer which will always remain valid, 

to ail ®°'’rtion now may mterfere with, or make it impossible 

'loubt'tb another that might have been bettor still, there is no 
toda T more of such bettor ones exist but are unloiomi 

irhi I ■? ®mgle system does not allow for the adjustability 

qIj. ^0 needed for future changes in environment, and the now 

M ivos towards which animal improvement may bo directed, 
niak'^**”*^*^*** might well bo more cautious than a pedigree breeder in 
® claims for his preferred breeding sj'stom, but in that case Ids 
g^J^^lP^'making would bo influenced by considerations diflicult to 
"fth U and ho would bo acting as an informed layman. Faced 

^rtall t situation in wluch the breeding population is too 

^ sustain two or more diflbrent brccdhig policies, tlio geneticist 
that^^^ able to fall back on Ids tlioorv for giddanco. Ho will know 



250 IIODERK DEVEIX)r5IE5;T9 IN ANDIAL UnEEDINO 

Tariety of -naj's that -would ensure a potential for later changes and 
modifications should they he ncccssarj', and its size -would ho deter- 
mined hy the optimism or pessimism of the decision-makers. 


IX. Group Values 

Tlio chief concern of individuals is \rith tho values u liich they recognise 
to ho tho values of tho many groups to uliich they belong (Churclunan, 
19G1). A “group” of people, such as tho momhcrsliip of a breed associ- 
ation, has identifiable actions and objectives and it functions -witliin a 
certain teleological firamo-worh. 

If a group of, say, farmers or scientists works towards certain enas 
and has certain operational theories, its members tend to tliink in 
predetermined ways, collect information favourable to its views, 
interpret observations subjectively, and constitute a vested interest. 
Heritability is an instance of a concept w lucb is much conditioned by 
group values set on it, in tlus case, by population geneticists who know 
its moaning and implications, its strength and w caknossos. 

Group values are liko net genotypic values for complex traits in 
ha-dng much variation of individual components of which tho resultant 
is the group value. This need not correspond to tho value of any ono 
component. Tho more tho individuals resemble each other, however, 
tho more distinctive the group value. Where there are conflicting -views, 
they destroy each other and tho group value is weak and unobtrusive. 
Within a group, all mdividoals are not equal and heneo group values 
tend to approximate the values of persuasive or powerful individuals. 
As such, they are not necessarily correct or beneficial. 

The importance of group values, -when they are taken in conjunction 
with personal characteristics, arises from tho various kinds of decision- 
makmg situations in which breeders and scientists may find themselves. 
A rough classification can be made following Churchman and using Ids 
eight categories (Table 10.3). It is a condensed version which might be 
described inadequately as an over-dmplification. As a first attempt to 
use this classification will probably show, real people do not fit con- 
formably into it, but it will also make clear that the group values and 
attitudes of geneticists and breeders may be far more important in 
decision-making than academic or social distinction. 

It is natural that the majority of the present exponents of population 
genetics should belong to tho category ABC. By virtue of their own 
genotypes and en\fromnonts, they have chosen for themselves occu- 
pations and activities which are essentially deductive and conventional. 
It follows that the best use which can be made of them is in work 
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requiring these qualities, namely, development of new breeds and 
strains by methods in which these workers are expert. 

Management and control of large breeding populations has fallen, 
at various times and places, to. (a) government departments; (b) 
tycoons in business; (e) boards representing farmers and others; 
(d) teolmocrats. 


TABLE 10 3 

A dassifimtion of ecienttsls (after Churchman, 1961) 

A— a — conventional —non conventional 
B— b =s formal, precise — non*fonnal, less precise 
C— c deductive — mductive 


A 

B 

1 

C Forecast the unexpected, originality 

Mathematics 

0 Arbitrary “facts” as prelude to study of implications 
Science fiction 


C Speculators by profession 

c Arbitrary “facts” as prelude to study of implications 
Science fiction 

a 

B 

C Precise, principled, e g mathematical economics 

Sparing m invention of principles 

o Precise formulation of theory and experiment 

Usefulness a nunor consideration 

b 

C Poets Use ^ ague terms, but general and ongmal — 
common m economics — significant rather than trivial 

c Gonoralisora from facts — data collection is primorj' 
aim — limited precision ond theorising 
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to provide information. Tlicso pc(^Io arc likely to ho difTeront in these 
four categories, although they should, perhaps, not bo. W^hcrcas tho 
tycoon is likely to bo attracted to 137)0 ABC, bccau-so it piLslics tilings 
to logical conclasions or grapples intli complex bitnations by original 
methods, the teclmocrat tends to be a strong believer in his o\vn judg- 
ment -working on data produced by^ t37»c abc. This t37)e seems likeU' to 
commend itself also to boards and government departments vhoso 
collective tastes for origmalit3' and enterprise are iLSuall}* nidimcntar}*. 
To some extent, tho selection of “scientists” for service witli breeding 
enterprises is likelj’ to influence tho nature of tho “facts” on whicli they 
operate and, thereby, on their natures and activities. The most cflective 
place for tjT^s ABC and abc w ould appear to be uni versit}' departments 
and research institutes where freer rein can he given to originalit}’. 


X. State Responsibilities 

Whatever the case in socialist countries, in non-socialist states the 
weighty question of state obligations arises in a varictj’ of forms. Thus, 
responsibility for conducting or supporting research is an important 
state function. It has been disemssed in some detail in Chapter 8. 

Among other respon-sibilities, there is also advisor}'’ or extension 
work. The more advanced the technology of breeding is, tho less signifi- 
cant does this function become, largel}- because breeders or cooperative 
breeding enterprises have theu* ovm technical staff. WTiereas, no doubt, 
an agricultural advisor could be very helpful to a Scottish mountain 
sheep breeder, it is fair to say that in tho -whole of the United States 
not one extension man capable of improving the genetic operations of 
the breeders of egg-lajnng stock could be found. Even in commercial 
poultry production much extension -awk both in tho United States and 
m Bntam is bemg taken over by fieldmen for hatcheries as a competi- 
tive service. 
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enforcement of fair trade practices and honest advertising, but even 
more so, to regulation of disease. In many states it is illegal for breeders 
and hatcheries to sell oliioks from flocks which have not been tested for 
pullorum disease. This a matter of protecting the producer. There is also 
the problem of protecting humans from diseases carried by livestock, 
though tliis may be of limited concern in breeding operations. 

Official regulation of breeding practices is decreasing in some countries 
and increasing in others, and may be the most controversial of all of 
the government activities considered. Licensing of males on basis of 
conformation or the introduction of regionalisation fall into this cate- 
gor3'. In California at one time, on attempt was made to enforce 
poultry breeders’ participation in federally-operated improvement plans. 
Indeed, disease-regulating features of such plan did become part of the 
law, though other aspects (for instance, restriction of use for breeding 
piuposes to cockerels from dams which have laid some minimum 
number of eggs) were frustrated by an exceedingly strong opposition 
from fi'ee-enterprise-minded breeders. 



Afterword 


]\Iost citizens pay very little attention to the provenance of their 
meatj milk and eggs, but there are nevertheless strong links between 
the consumer and the breeding of the animals the products of which he 
eats. His influence makes itself felt through his preferences and dis- 
criminations among the goods offered. In areas where the standards of 
living are high, the economic pressure he exerts is towards liigher 
quality and standardisation, the exact meaning of these descriptions 
being determined locally according to taste. By degrees, therefore, 
farmers are becoming obliged to try to deliver uniform products through 
a closer control of breeding and husbandry, and the subsequent grading 
of output. In less fortunate areas the need for protein from an accept- 
able and usually conventional source is paramoimt, and there is less 
attention to taste, tenderness and fat. Everywhere, however, the con- 
sumer is interested in cheapness and therefore in low cost methods of 
production. Universal aims of breeding and rearing livestock can hardly 
be defined except possibly in terms of maximum output of protein. 
Whether this should be a maximum for a unit of land, a xinit of labour 
or a unit of capital investment, -will depend on wliich component is in 
least supply. Ultimately, perhaps there xvill be a smtably weighted 
combination of the three. Where protein deficiency is tmknomi, 
breeding aims may be xmacceptable over the short term unless the}’’ arc 
closely related to quality. 

In the last analysis, it is still tlxe consumer, actxial or potential, who 
brings about the use of science to alter nny stage of the process of 
production and distribution. But the consequences hardly over affect 
wily the consmner. While his food habits are being changed by hygiene, 
frceze-drjing, prepackaging, and other marketing devices, the added 
complications and skills required for producing and transporting foods 
tend to favour the more adaptable, the better financed, and tlio larger 
farmer or breeder. 

Each now concept arising out of rescarcli leads to others. It thus 
gathers impetus, although the freedom of thought wliich engenders it 
always cncoimtcrs opposition, for it is a liuman trait to resist any 
change which adversely affects tho skills and status of people. As tho 
^ato of scientific development accelerates, it is to he expected that more 
people will become aware that they are not just spectators of agri- 
cultural evolution. Animal breeding is overj'ono’s concern. Tho'^o most 
^utiniatcly affected aro tho breeders themselves, their employees, and 
‘bo producers who depend on them for breeding animals. There are, at 
cno remove, numeroits suppliers of goods and services, oxtensioTj 
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persomiel, jourjialists, fcanbers, admhustrators and research, "workers. 
Ati/^ beyond these are the processors, -wholesalers, distributors, retailers 
^d, finally, consumers. 

Over most of the -world, ammal production is i^y rooted m a close, 
and even personal, relationship of man with his livestock that is the 
result of an age-long process of reciprocal adjustments. For a century 
or so, they have been driven unceasingly to make greater demands on 
each other but society is still not satisfied. In some places there is 
hunger and in others cheaper products of higher quality are n anted. 
Each country strives to improve its competitiveness and achieve the 
economic growth which will finance its social aspirations. Agnculture 
mast make its contribution and it must do so, as always in the past, 
by exploiting land, labour, capital and brains. \Miere technical develop- 
ments have gone far enough, the advantages of scale accrue to animal 
production just as they do to other industries, hut they are almost 
impossible to realise wMe mamtaining the traditional husbandry that 
required a farmer to know and care for his animals. Growing along side 
it, therefore, is a neu science-based industrj' -aith economic goals that 
allow of no concessions to sentiment. 

This new industry, and to a lesser extent the old one, are at once the 
creations and the creators of the technologj’ which serves them. Large 
sums of money have gone into education, research and development for 
industry. Agriculture has been allotted only a small share, yet enough 
of it hM been expended to provide, among other things, a theoretical 
basis for breeding the animals that produce meat, milk, wool and eggs, 
and a set of techniques more effective than those formerly available. 
Until recently, however, two necessary conditions for the use of the 
new methods have usually been lacking: the objectives of breeding 
policj' have not been defined in economic terms, and there have been 
no enterprises large enough to seek them independently of the estab- 
lished system of breeding. As is well-known, one or the other, and, 
occasionally, both of these conditioiLS srenowbeingmet in some countries, 
so that the process of industrialisuig animal protein production can be 
expected to continue and eventually to embrace all forms of livestock. 

Once started, the fusion of economic efficiency with technical expert- 
ness is bkeU' to continue at a rising pace. Under the circumstances, the 
attack on traditional methods, wherever they are deemed to be restric- 
ti\c, bos proceeded from matters such as cultivations and herbicides 
wliich a fanner may adopt at (Uscrctlon, to fundamentals such as land 
ten^, crop rotations and co-operative marketing which are accom- 
pamed by legal sanctions agamst non-conformists. The idea that animal 
production can be thought of and organised after the manner of factoiy 
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production is steadily gaining ground in spite of the fact that it gener- 
ates a strong opposition from those who are emotionally or financially 
engaged. It is at least as radical a departure from man’s most ancient 
occupation as the automated production lino is from a cottage craft. 
Where a political balance will be struck between the supporters of 
traditional methods and the proponents of cheap food no-one can tell. 
But in "view of the growing human population and expanding scientific 
research, it seems unlikely that any one answer -will finally dispose of 
the problem. As long as agrarian squalor and hunger afflict the world, 
the cry for more and better food will be heard. 

Constructive breeding in future, especially for intensive production 
hi a science-based industry will probably necessitate the subdivision of 
animal populations into breeding groups of operationally adequate 
®he and a fast service of performance testing and data-processing. 
Th^o will permit selection aims to be energetically pursued and inferior 
■varieties discarded. Inter- and intra-breed rivalry will be encouraged 
hyre^onal autonomy (where breeding is organised on a national scalo) 
hy adapting breed associations to the techniques of breeding for econo- 
^0 merit, by having performance testing adequate in extent and more 
effective in method, and by systematic importation Selection will occur 
Hot only within herds or flocks but between thorn and between breeds 
it does now. The ultimate goal is the mutual adaptation of genotypes 

®^£oiivironments. , . , 

^0 success of a breeding programme can be measured m several 
y^ys. In some circumstances the rate of change may be o ovom g 
'aportance, in others, the kind of change, or tho cost of obtammg a 
of change. But whichever is taken os the criterion, the number of 
animals in a population is of critical importance. It does not 
0" that control over largo numbers, which is necessa^ for rapid 
ifanccs from selection of breeding stock, will automatical y result in 
^ogtessivo improvement. The other advantages of size wiU soemu its 
^»omic future. Auctioneering, artiHcial insonnnation and solos 
f^oaohon Bomothues depend heavily on tho contmnod pros^nty of 
' ,,Wjgreo breeding systo. For them, improvomont by brceihng may 
^ to irrelevant and oven a threat to their o-vistimco. 

J;»tgo-scalo operations do not hove to ho modelled ovactly on those 
7 tacomiug charaetoristie of poultry, hut by some means the power 
' ^'"8 policy and soenring action must ho concentrated m a fow 
How to acWovo this, while ensurag tliat those who 
4LV’'® I*"" acoountahlo for their mso of it, is a fmidamcnM 

and political question common to most human 

appropriate to animal broedmg, tho problem is 
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policy-making 'bodies -wtoso activities are consistent -witli tke national or 
■world interest. 'Witkout such institutions tkere can be no acceptable 
fl^TTiR of breeding, and witbont aims there can be no exploitation of the 
power of science to increase the producti-rity of the livestock industry 
through breeding. 

Pedigree breeding, as it is commonly understood, b^ in the past 
contributed a great deal to livestock production, but it must no-w expect 
its services and costs to be critically examined. These costs have to be 
borne by the industry and ultimately by the consumer, so it is reason- 
able to ask what vertices are rendered and what they are worth, 
questions that commercial enterprises have to ask themselves. Public 
interest Bometimes requires restraint on the pursuit of efficiency. 
Without going so far as to shield inefficiency absolutely, a country may 
decide to offer partial or temporary protection, with a view to encourag- 
ing an established institution to improve its competitiveness against its 
rivals. There may also he such a strong public disti^e for monopolies that 
some loss of efficiency is tolerated in order to avoid them. In other 
situations, the strength and political influence of those who support 
the existing breeding system may be great enough to suppress the 
knowledge that it could be improved. An acceptable solution to con- 
flicting views may be fotmd in allowing or encouraging two or more 
independent breeding organisations that may differ in aimg and methods 
hut are subject to performance tests -under neutral supervision. This 
stage has yet to be reached for the larger livestock. 

Means of measuring performance need to be constantly developed 
and refined for the comparison of breeds and crosses and for testing 
new varieties. Although performance testing of pigs, sheep and cattle 
is stiff inadequate, even rudimfaitajy, the remedies lie in a striving for 
perfection, not in discouragement and the assumption of a superior 
attitude. There will be no going back to unaided eye judgment. It is 
easier to imagine international arrangements for testing livestock, 
especially pigs and dairy caUle in Kortbem Europe where conditions 
of hxisbandry are rather similar. 


Slaking sure that varieties produced abroad can be imported and 
^equately tested is the best insurance that complacency -will not 
devel^ in those responsible for breeding. In many countries, there 
may be little prospect of a government establishing an agency for the 
o^qiress p^ose of making available the material from which more 
wlvan^ biological machines could bo developed, 5’et there is much to 
bo m Its favour. Such an agency would be charged with making 
available the best livestock, no matter what their origins. Practically 
aU vaneties of crops and livestock in Western countries are of imported 
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origin (and man himself is no exception), but no attempt has yet been 
made to carry out systematically a process that occurred sporadically 
in the past. "Whether or not this comes to pass, there seems to be a good 
case for an intelligent policy of importation and testing. Even in the 
unlikely event of a country having nothing to gain from foreign breeds 
themselves, importations may provide a stimulus to home breeders. 
Appropriate veterinary precautions must be taken and some Tray foimd 
of discouraging projects that have little hope of being carried out. This 
is far from easy, since successful importations have very often been 
due to breeders prepared to fight for their ideas against the establish- 
ment and the orthodox masses. In future, however, the enterprising 
breeder Tvill often be a large corporation or consortium Trliich is clear 
about Trhat new genetic material it needs, and is technically equipped 
to test stocks quickly and adequately. 

As the methods of agriculture change and the craftsman gives Tvay 
to the technician, the nature and financing of research call for re- 
appraisal. "What passes muster in agriculture based on comparatively 
small farms Tvill not do for a highly competitive economy with big 
businesses. Intensive production cannot be served in the same way as 
an extensive pastoral husbandry. But existing arrangements tend 
inevitably to be better adapted to the more out-of-date or undeveloped 
aspects of agricultxire than to the most intensive and highly capitalised. 
Many aspects of this complex activity of a modern society that apply to 
animal breeding justify some constructive thinking now. In the past, 
much effort has been put into studying questions arising in the pursuit 
of agriculture by farmers and much more into trying to convey the 
results to them. IWule this effort still goes on, different research Tvith a 
high order of urgency is required as a result of the organisational 
changes in farm industries. Operational problems are seen in far greater 
financial clarity than before, and it is worth paying much for ^eedy 
solutions to them. Slow deliberate attack over a broad front, inadequate 
facilities for applied and developmental studios and lack of financial 
incentives to students and research Trorkers of ability create dissatis- 
faction in an active and progressive mdustiy. Since time is short, it 
should not bo squandered. The horizon of a scientist interested in a 
basic biological problem may bo as much as ten years a\^ay, wliilo for 
another concerned vith adaptmg a now process to industry it may bo 
only one or tv o, or even less, if the problem is oi>crational in character. 
As a result, geneticists who arc devoted exclusively to research, tend 
to take a longer riow of brocduig plans than do breeders pro-occupied 
with economic surrival from year to year. But this inconij)atibiIity is 
becoming academic. 
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Decision makers responsible for a largo enterprise are obliged to 
address themselves at first to developmental or operational research 
but as the enterprise grovs and they begin to plan for a coi^dent and 
receding future, basic problems attract more of their attention. Some- 
how present needs must be balanced against long-term hopes. For a 
business which h^ to finance research out of profits, there are several 
factors that determine what is spent. The size of the business and its 
financial strength exert a weighty influence, and so does the stimulus 
provided by powerful and aggressave competitors. How much the 
research programme will cost and what advantages it will confer on the 
marketing of the product are questions that have to be answered no 
matter how awkward they are. When the temperaments of research 
workers, their interests, qualifications, and age are added to this fluid 
atuation, the public and private supporters and administrators of 
research in agricidture are saddled with a task which can be neither 
neglected nor finally accomplished- How much to invest in livestock 
improvement is, however, a question tlmt is not susceptible of an exact 
answer by any kind of decision maker. Added to the genetic nneer- 
tainties about achievable rates of progress, there are economic and 
psychological imponderables that influence enthusiasm and willingness 
to take risks or mortgage the fnture. No rigid or doctrinaire attitudes 
can be supported when the justifiable investment can rise or fall witb 
time or from one class of stock to another. This applies with as much 
force to the pedigree system as to any other method of breeding an 
elite population, for m the last resort the incidental costs and profits of 
all methods must be met by someone. Unless there is a change for the 
better in the genetic and economic merit of each breed, it is difficult to 
see how any outlays on breeding for improvement can bring returns to 
the ultimate financial source. Constructive breeding therefore must 
have positive aims, anticipate the future correctly, and temper the 
rigours of genetic theory with a proper regard for costs and returns. 

Animal genetics stands ready to help in reaching the objectives of 
society. It is for society to decide where its ambitions lie and what are 
its purposes If there is nothing so important as the production of foods 
to allay hunger, mitigate poverty, or support luxury, there is no-one 
more important than producers. The economic goals of agricultum are 
paramount. Institutions are devised that will bring them closer, and 
men are made to fit the institutions. like many other sciences, genetics 
has been nourished mainly in Western countries where orthodox 
economic theo^ shelters public apathy and bureaucratic indifference 
to the hastening ills of mankind. Accordingly geneticists can apply 
themselves without mord distinctions to improving the poor man’s pig. 
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or the rich man’s conq)ioTious heef. They have also long known that the 
power of their science can be frustrated by vested interest and a distaste 
for controversy. Individualism flourishes, and old habits die hard, the 
spectre of overpopulation notwithstanding. In time, society may be 
obliged to become more explicit about its purposes. When that day 
comes, it may be easier to define how science can best contribute to the 
quality of life of all the earth’s inhabitants. 
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International cooperation, 203 
Interspecific biochemical differences, 
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Interspecific hybridisation, 220 
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Noise, 241 

Non-random mating, 61 
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Objectives of breeding, short-range, 28 
Operational research problems, 195, 
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Organ transplant, 222, 226 
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accuracy of, 104 
evolution of methods of, 110 
purposes of, 102 
Eecords, 
handling of, 113 
puhhcation of, 108 
tj’pes of, 111 
Redundancy, 241 
■Registration of purebteds, 177 
Research, 
contract, 109 

expenditures on, 192, 103, 194 
growth of, 189 
sponsored, 199 

Research establishments, types of, 196 
Resistanco to disease, 224 


Storage of germ plasm, 208 
Stratification, functional, 127 
Stratification of breeders, 172 
Stress breeding, 220 
Swedish Livestock Management, 114 
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Technology, laws of, 152 
Temperament, 35, 80, 233 
Testing methods, evolution of, 110 
Tests, random sample, 133 
Transfer of eggs, 223 
Translocations, 92, 229 
Transplant of organs, 222, 226 
Tnck breeding, 91 
Twins. 49, 70, 71 
Typo. 160 

genetic aspects of, 163 



